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1. Summary 
This work summarises and contextualises a series of published papers which develop methods of 
cognitive screening for identification of dementia and delirium in sub-Saharan Africa. The key 
research question was how best to screen for dementia in older adults in sub-Saharan Africa, where 
levels of illiteracy are high, particularly in rural areas. Due to the specialist human resource shortages 
evident in this setting, these studies aim to produce tools suitable for non-specialists to use with a 
high degree of accuracy. Two inter-related aims which have been achieved were to develop a 
combined cognitive and functional assessment tool for identification of dementia by rural primary 
healthcare workers in community settings, and to develop a brief but accurate method of identifying 
delirium in hospital settings. The validation studies presented were carried out in the Kilimanjaro 
region of Northern Tanzania, as part of the IDEA (Identification and Interventions for Dementia in 
Elderly Africans) study. The study settings included rural agriculture-based communities as well as 
urban secondary and tertiary healthcare facilities. These studies are informed by a systematic review 
of delirium in SSA, and a meta-analysis of cognitive screening tools in illiterate and low-literate 
populations. Ongoing work and further directions are summarised. 
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2. Abstract 
Dementia and delirium are recognised to be common inter-related disorders affecting older people 
worldwide, the majority of whom live in low and middle income countries (LMICs). In sub-Saharan 
Africa (SSA), research data on dementia and delirium in older adults are currently very few, despite 
evidence of a growing older population. A major factor limiting research is the lack of appropriately 
validated cognitive screening instruments. Existing instruments appear educationally biased in SSA, 
where illiteracy amongst older people remains high. Specialist clinicians are few, and human 
resources generally limited, resulting in a need for brief tools suitable for use by non-specialists with 
limited time. 
The IDEA six-item screen was developed from cognitive screening data collected during a community 
based door-to-door prevalence study of dementia conducted in Tanzania in 2010. This work aimed 
to formally validate the IDEA screen for identification of dementia and delirium in older adults in a 
variety of clinical settings in Tanzania. Additional aims were to identify potential educational bias, 
consider feasibility of use of the IDEA screen by non-specialist clinicians and consider utility and 
effectiveness of additional screening items to improve diagnostic accuracy in some settings. 
Validation studies were conducted in the Kilimanjaro region of Tanzania as follows. 1) Consecutive 
admissions to medical wards of a Government hospital aged 60 and over (n=97); 2) A randomised 
sample of individuals aged 60 and over attending a free-of-charge Government outpatient clinic 
(n=108); 3) A randomised rural community sample aged 60 and over presenting for dementia 
screening (n=466), and 4) A consecutive sample of 507 individuals aged 60 and over admitted to 
medical wards of a tertiary referral hospital, supported by detailed informant interview and follow-
up where necessary (against blinded consensus DSM-IV dementia and DSM-5 delirium criteria). 
A culturally appropriate assessment of Instrumental Activities of Daily Living (IDEA-IADL) was 
developed at a workshop for primary healthcare workers. Validation against DSM-IV dementia 
criteria took place in a community sample (n=417) of adults aged 60 and over presenting for 
dementia screening, used alone and in addition to the IDEA six-item screen. 
Screening was conducted by trained research nurses, occupational therapists and clinical officers in 
hospital settings, and by nurses and primary health care workers in rural settings. 
Diagnostic accuracy of the IDEA six-item screen for major cognitive impairment was high in the pilot 
hospital settings (IP AUC 0.917, OPD AUC 0.919). Accuracy in the lower prevalence community 
setting was lower (AUC 0.846), but improved by the addition of the IDEA-IADL (AUC 0.896). In the 
tertiary referral hospital sample AUC was 0.874 for major cognitive impairment (DSM-IV delirium or 
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DSM-IV dementia) and 0.866 for delirium, but a substantial number of participants were unable to 
complete the screen (83/507) and the IDEA did not differentiate dementia and delirium. A combined 
tool developed through modelling outperformed the IDEA (AUC 0.94 95% CI 0.92-0.97) and had the 
advantage of being much shorter, and being possible in most individuals regardless of illness 
severity.  
These studies conclude that the IDEA six-item screen is a brief and culturally appropriate cognitive 
screening tool with a high degree of diagnostic accuracy for identification of dementia in clinical and 
community settings in Tanzania. Use of the screen by non-specialist health workers is feasible, and 
the screen does not appear educationally biased.  
Diagnostic accuracy is improved by additional use of a functional assessment tool, the IDEA-IADL in 
the community. In hospital settings with a relatively high prevalence of delirium, the IDEA six item 
screen is accurate in identification of major cognitive impairment (dementia or delirium) but cannot 
differentiate these conditions. An alternative screening method for identification of delirium in this 
setting is presented. Further validation work in other settings in sub-Saharan Africa is needed.  
Since the proportion of individuals aged 50 and over living with HIV in SSA is projected to increase 
from one in seven to one in four by 2030, assessment of clinical utility in HIV-associated 
neurocognitive impairment is also needed, and this is the focus of ongoing work. 
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4. Guide to this presented work 
The published work submitted for examination as part of this doctoral thesis is outlined in Figure 1. 
The work submitted consists of two background review papers, discussed in the introduction to this 
work, and four key papers, forming the main body of this work. Similarly, the work presented is in 
two parts. Part one consists of an introductory and background section, contextualising the work 
later presented in the key papers. Part two consists of the four key papers, and accompanying 
commentary and discussion. Key data related to each cohort are outlined in Figure 2. 
Additional supplementary papers, informing the work presented in this thesis are included for 
context within the Appendix to this thesis. These do not form part of the main body of work 
presented, but are referred to where appropriate. 
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5. List of submitted and supplementary papers 
The submitted papers, including supplementary papers which inform the study, are listed below. A 
flow diagram demonstrating the links between the papers is shown in Figure 1. The cohorts and 
settings in which studies took place are detailed in Figure 2 for clarity.  
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Collingwood C, Paddick SM, Kisoli A, Dotchin CL, Gray WK, Mbowe G, Mkenda S, Urasa S, Mushi D, 
Chaote P, Walker RW. Development and community-based validation of the IDEA study 
Instrumental Activities of Daily Living (IDEA-IADL) questionnaire. Global Health Action. 2014 Dec 
29; 7. 
Key Paper 4 
Paddick SM, Lewis EG, Duinmaijer A, Banks J, Urasa S, Tucker L, Kisoli A, Cletus J, Lissu C, Kissima J, 
Dotchin C, Gray W, Mukaetova-Ladinska E, Cosker G, Walker R.  Identification of delirium and 
dementia in older medical inpatients in Tanzania. A comparison of screening and diagnostic 
methods, Journal of the Neurological Sciences, 2017 
 
5.3. Supplementary papers informing this work  
Prevalence and subtypes of dementia in rural Tanzania 
Supplementary Paper 1 
Longdon AR, Paddick SM, Kisoli A, Dotchin C, Gray WK, Dewhurst F, Chaote P, Teodorczuk A, 
Dewhurst M, Jusabani AM, Walker R. The prevalence of dementia in rural Tanzania: a cross-sectional 
community-based study. International journal of geriatric psychiatry. 2013 Jul 1; 28(7):728-37. 
Supplementary Paper 2 
Paddick SM, Longdon A, Kisoli A, Gray WK, Dotchin CL, Jusabani A, Iqbal A, Hughes J, Teodorczuk A, 
Chaote P, Walker RW. The Prevalence of Dementia Subtypes in Rural Tanzania. The American Journal 
of Geriatric Psychiatry. 2014 Dec 31; 22(12):1613-22. 
 
Low literacy and difficulties in dementia screening in rural Tanzania 
Supplementary Paper 3 
Paddick SM, Longdon AR, Kisoli A, Dotchin C, Gray WK, Dewhurst F, Chaote P, Kalaria R, Jusabani 
AM, Walker R. Dementia prevalence estimates in sub-Saharan Africa: comparison of two diagnostic 
criteria. Global health action. 2013 Apr 2; 6 
  
Identification of dementia in sub-Saharan Africa  Doctoral Statement 
- 9 -  
Supplementary Paper 4 
Paddick SM, Longdon A, Gray WK, Dotchin C, Kisoli A, Chaote P, Walker R. The association between 
educational level and dementia in rural Tanzania. Dementia & Neuropsychologia. 2014 Jun; 8(2):117-
25 
 
Preparatory Work 
Supplementary Paper 5 
Gray WK, Paddick SM, Kisoli A, Dotchin CL, Longdon AR, Chaote P, Samuel M, Jusabani AM, Walker 
RW. Development and validation of the identification and Intervention for Dementia in Elderly 
Africans (IDEA) study dementia screening instrument. Journal of geriatric psychiatry and neurology. 
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Supplementary Paper 6 
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Figure 2. Cohorts and key data in each paper
Identification of dementia in sub-Saharan Africa  Doctoral Statement 
- 12 -  
 
Key to study cohorts in Figure 2 
 
Cohort 1a 60 rural community dwelling individuals aged 70 and over in 2010. Initially 
recruited in Hai door-to-door prevalence study in 2010 and meeting consensus MCI criteria 
at that time. Two year follow-up in 2012 therefore aged 72 and over.  
Cohort 1b Individuals from sample 1a followed up one year later, as part of MCI follow-up 
study.  
Cohort 2 Consecutive sample of older adults aged 60 and over admitted to medical wards of 
a Government secondary care hospital in Moshi Municipality, (Mawenzi Regional Referral 
Hospital).Validation for cognitive impairment rather than dementia due to incomplete 
collateral histories. 
Cohort 3 Older adults aged 60 and over attending an outpatient free-of-charge medical 
clinic at a Government secondary care hospital in Moshi Municipality, (Mawenzi Regional 
Referral Hospital). Systematic sample screened with randomised subset of all those with 
intermediate or high probability of dementia and 10% of normal controls blindly selected 
received blinded second stage clinical dementia assessment. Validation for cognitive 
impairment rather than dementia due to incomplete collateral histories. 
Cohort 4a Community sample of rural dwelling individuals aged 60 and over recruited 
through a widely advertised dementia screening programme. Randomised subset of all 
those with intermediate or high probability of dementia and 10% of normal controls blindly 
selected received blinded second stage clinical dementia assessment. Validation for 
dementia by DSM-IV criteria. Collateral history available for almost all participants, and 
follow-up when indicated.  
Cohort 4b Individuals from cohort 4a with complete cognitive and blinded functional 
assessment data. 
Cohort 5 Consecutive sample of all adults aged 60 and over admitted to medical wards of a 
tertiary care hospital in Northern Tanzania during January 2015 (pilot) and March-August 
2016. Follow-up at 6 months available where necessary. Validation for delirium and 
dementia. 
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6. Aims and objectives of this presented work 
This series of four published papers aims to establish the validity and utility of a brief, culturally 
appropriate cognitive screening tool (the IDEA six-item screen) designed for use in low-literacy 
settings in sub-Saharan Africa (SSA), in a range of clinical settings in Northern Tanzania for 
identification of both dementia and delirium in older adults. Additional aims are to consider 
additional screening items to improve diagnostic accuracy by considering the presence of functional 
impairment, and to differentiate dementia and delirium in hospital settings. Cohorts and key data 
are outlined in Figure 2. 
The objectives of the four key papers presented are outlined below 
Objectives of the four key papers 
1. To conduct a pilot assessment of diagnostic accuracy and clinical utility of the IDEA six-item 
cognitive screen for major cognitive impairment (delirium or dementia by DSM-IV criteria) in 
individuals aged 60 and over admitted to medical wards of a Government hospital in 
Northern Tanzania (Thesis paper 1) 
2. To assess pilot diagnostic accuracy and clinical utility of the IDEA six-item cognitive screen 
for major cognitive impairment (delirium or dementia by DSM-IV criteria) in individuals aged 
60 and over attending a free-of-charge clinic for older people at a Government hospital in 
Northern Tanzania (Thesis paper 1) 
3. To assess diagnostic accuracy and clinical utility of the IDEA six-item cognitive screen for 
dementia by DSM-IV criteria in rural community-dwelling individuals aged 60 and over 
presenting to a community dementia screening programme in Northern Tanzania (Thesis 
papers 2 and 3) 
4. To develop and validate a culturally appropriate functional assessment scale (the IDEA-IADL) 
to assist in identification of dementia in sub-Saharan Africa (Thesis paper 2) 
5. To assess whether use of this culturally appropriate functional assessment tool (the IDEA-
IADL) improves the diagnostic accuracy of the IDEA six-item cognitive screen for 
identification of dementia when used by non-specialist health workers in community 
settings in Northern Tanzania (Thesis paper 2) 
6. To re-validate the IDEA six-item screen for identification of dementia by DSM-IV criteria in 
individuals aged 60 and over admitted to medical wards of a tertiary referral hospital, 
against gold standard DSM-IV dementia diagnosis by consensus supported by informant 
history and follow-up home visits at 6 months post discharge (Thesis paper 4) 
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7. To assess the diagnostic accuracy and clinical utility of the IDEA six item screen for 
identification of delirium by DSM-5 criteria in individuals aged 60 and over admitted to 
medical wards of a tertiary referral hospital in Northern Tanzania (Thesis paper 4) 
8. To compare the diagnostic accuracy and clinical utility of the IDEA six-item screen with that 
of the Confusion Assessment Method (CAM) for identification of delirium in a tertiary 
referral setting against a gold standard diagnosis of delirium by DSM-5 consensus criteria 
(Thesis paper 4)  
9. To conduct a secondary analysis of data in order to determine those screening items most 
predictive of delirium, and; 
10. To propose a screen for identification of delirium suitable for use in a non-specialist setting 
in sub-Saharan Africa (Thesis paper 4) 
11. To assess whether the IDEA six-item cognitive screen is educationally biased in these settings 
(Thesis papers 1, 3 and 4). 
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Part One 
 
 
Introduction 
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Dementia in sub-Saharan Africa 
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7. Introduction 
7.1. Dementia in low and middle income countries 
Dementia is a worldwide public health priority. An estimated 35.6 million people currently have 
dementia, and the prevalence is predicted to double every 20 years, to 115.4 million in 20501.  
The dementia syndrome is one of acquired and progressive decline in cognitive function caused by a 
number of neurodegenerative processes, the most prevalent of which are Alzheimer’s disease 
(ADD), vascular dementia (VAD), Dementia with Lewy Bodies (DLB) and Parkinson’s disease 
dementia (PDD). Multiple higher cognitive functions including memory, executive functioning, 
visuospatial ability, language and judgement are typically affected and the result is significant 
disability, dependence and caregiver burden. In addition to the personal and societal cost, is a 
significant economic cost estimated at over 400 billion USD in 20092. Informal care constituted over 
a quarter of this cost2.  
Ageing is the greatest risk factor for dementia and projected increases in dementia worldwide are 
largely due to population ageing. In high income countries (HICs) where demographic transition is 
complete, awareness of dementia as a public health issue for ageing populations has resulted in 
substantial research activity supported by government policy.  
The majority of people with dementia live in low and middle income countries (LMICs) and 
population ageing in these regions is the largest contributor to the projected increases in dementia 
worldwide.  Recent epidemiological projections suggest that by 2050 over 80% of people with 
dementia will live in LMICs as demographic transition progresses in these world regions and their 
population continues to age2. Awareness of dementia as a significant issue in LMICs is relatively 
recent and therefore very few studies have taken place, with very limited epidemiological data 
available for many areas and few interventional studies3.  
The current situation therefore is that least is known about aetiology, risk factors or intervention 
strategies for dementia in the areas of the world where the majority of people with dementia live.  
7.2. Dementia in sub-Saharan Africa (SSA) 
In sub-Saharan Africa (SSA) an estimated 2.6 million older people currently have dementia and this 
number is projected to increase by 371% by 20301. These prevalence estimates are based on very 
few studies, most of which have taken place in the last decade, and have acknowledged 
methodological issues1. Dementia was previously thought to be rare in SSA. Earlier Nigerian studies 
reported complete absence of dementia in community samples4, 5 or significantly lower prevalence 
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when comparing US and Nigerian community samples of older adults using similar methodology6. 
More recent studies have reported dementia prevalence of between 2.29%7 and 2.79%8 in Nigeria, 
6.4% in Tanzania9 and 8.1% in an urban centre in the Central African Republic10 using standard 
diagnostic criteria. Studies reporting dementia identified by cognitive screening alone, or in 
combination with an informant interview have reported prevalence of over 10% for cognitive 
impairment11, 12 and 8.6-10.1% for dementia13. Geographical location of studies is shown in Figure 3. 
There is a general trend for more recently published studies to report higher prevalence of 
dementia, although the reasons for this are unclear3. The apparent increase in prevalence may 
mirror changes in disease burden from communicable to non-communicable (NCD) associated with 
demographic transition worldwide 14, 15 or may be due in part to methodological issues. Community-
based prevalence studies of dementia in SSA are summarised in Table 1. 
 
Figure 3. Geographical location of sub-Saharan African dementia and cognitive impairment studies 
2016 
Hospital or clinic-based studies are even more limited, with many utilising a retrospective case-note 
review design. Those utilising clinical criteria are summarised in Table 2. Most existing data are 
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limited to prevalence estimates. Incidence, risk factor and aetiology data are very limited, but 
suggest that risk factors and aetiology may differ between HICs and SSA.  
For example, the APOE4 allele has a well-established association with ADD in HICs but not in the 
published studies examining this association in SSA16-18. Only one interventional study has taken 
place to date19. In summary, very little is currently known about dementia in SSA. It seems likely that 
dementia is as prevalent as in HICs, but little is known about aetiology, risk factors or potential 
interventions in this setting. 
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7.3. Diagnosis and screening for dementia in LMIC settings 
A major challenge in dementia research in LMIC settings is availability of appropriate and validated 
screening and assessment methods. Most existing tools have been developed and validated in HIC 
populations which are likely to differ markedly from those in LMICs culturally and educationally. 
Attempts have been made to address these issues through development of screening and diagnostic 
methods designed to be used in different cultural settings.  
The 10/66 international research collaboration developed a dementia screening and diagnostic 
method suitable for epidemiological studies in LMIC settings and designed to reduce known cultural 
biases35. The work completed using the 10/66 protocol has been instrumental in raising awareness 
and informing prevalence estimates of dementia in LMICs, and in informing policy makers 
worldwide. Although sites in SSA were involved in the initial stages of this collaboration, published 
validation data include very small numbers of SSA participants36. No separate validation studies of 
the SSA sites have been published. The 10/66 dementia identification protocol uses the Community 
Screening Instrument for Dementia (CSI-D) for initial dementia screening. The CSI-D was developed 
for cross-cultural dementia research, initially in the First Nations Cree ethnic group in North America 
and uses a cognitive assessment and informant questionnaire to stratify individuals into low, 
intermediate and high dementia probability groups37. The algorithm is weighted in favour of the 
informant interview to compensate for poor cognitive performance due to educational level. Most 
community-based prevalence studies in SSA have used the CSI-D but it is lengthy and designed for 
research rather than for use in routine care. A major focus of the 10/66 collaboration is that 
determination of functional impairment, needed for dementia diagnosis, may be difficult in LMIC 
settings due to differing cultural expectations and that studies using DSM-IV criteria in LMIC settings 
may underestimate prevalence38, 39.  
A number of hospital-based studies of dementia in SSA have used the mini-mental state examination 
(MMSE)29, 34, 40. The MMSE remains the most widely used dementia screening instrument worldwide 
despite well-established shortcomings including educational and cultural bias41. Use in these studies 
is therefore likely to reflect lack of validated alternatives to the MMSE as well as usual clinical 
practice.  
7.4. Dementia screening in low-resource settings 
Data from HIC settings suggests that over half of dementia cases remain undiagnosed42. Dementia is 
difficult to identify by doctors and other health professionals in primary care unless a structured 
screening tool is used43. Validated dementia screening tools are lacking in SSA therefore there is 
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likely to be a similar diagnostic gap. An additional problem in SSA is the large human resource gap. 
Across SSA there are estimated to be 200 times fewer trained mental health workers per 100,000 
population when compared to HIC settings44. Specialist clinicians such as geriatricians, neurologists 
and psychiatrists are also very few, especially outside large urban centres45, 46. For example, in 
Tanzania where this work took place, there are a total of 15 registered psychiatrists for a total 
population of 50.8 million.  
The World Health Organisation (WHO) recommended strategy for addressing this resource gap is 
one of task-shifting, or training non specialist staff to carry out tasks usually performed by specialist 
workers47. In mental health, the recommendation is to increase coverage of health interventions by 
integrating screening and monitoring of mental disorders into primary care and routine clinics. This 
strategy requires clear protocols and decision making support for non-specialist staff if it is to be 
achievable.  
In LMIC settings, the possibility of using a case-finding approach for dementia identification by 
primary health workers has been explored in two studies from India48 and from Brazil49. These 
studies did not involve the use of cognitive screening tools, and relied instead on training health 
workers in the typical clinical presentation of dementia. Both studies were small, and found similar 
positive predictive value of approximately 60% of dementia diagnosis by standard criteria in 
individuals identified by primary health care workers. This strategy used alone is unlikely to identify 
most people with dementia, and relies on the availability of a specialist to confirm diagnoses. 
Validated brief screening tools are likely to be useful in assisting non-specialist staff in identifying 
individuals with probable dementia but are currently not available in SSA. At present, only two 
cognitive screening tools have been validated in SSA. These include the CSI-D (validated in Nigeria37 
and Kenya16) and the Test of Senegal, a thirty-nine item cognitive screening test developed and 
validated in an urban University clinic in Senegal32. The CSI-D is primarily a research tool because it is 
lengthy, requires an informant interview in addition to cognitive screening and utilises an algorithm 
for risk stratification. The Test of Senegal has to date only been validated in an urban and relatively 
well-educated cohort which is likely to differ markedly from individuals needing assessment in rural 
SSA. Neither the Test of Senegal, nor the CSI-D have been validated across different healthcare 
settings such as hospital inpatients, outpatients and community clinics. Both are relatively lengthy 
and unlikely to be suitable for use in routine assessment, particularly by non-specialist clinicians in 
rural areas.  
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7.5. Illiteracy, low-literacy and cognitive assessment 
An estimated seven hundred million people are illiterate worldwide50. Although the literacy rate is 
increasing, around 15% of the world's population are still illiterate50. Definitions of illiteracy vary, but 
the World Health Organisation (WHO) definition is inability to read and write a simple statement 
about everyday life. The majority of illiterate individuals live in LMIC countries, and prevalence is 
highest amongst older people in rural areas where access to education may have been limited 
previously. In SSA the illiteracy rate is currently 40% in adults50. 
Difficulties in cognitive assessment in illiterate and low-literate populations are well recognised39. 
Many cognitive screening tools developed in HIC settings include literacy-dependent items which are 
difficult or impossible for illiterate people to complete. Cultural differences such as familiarity with 
testing as a consequence of formal school attendance have also been frequently noted51.  
The differences in cognitive performance between individuals with and without previous formal 
education are not limited to reading, writing and drawing tasks. Illiterate individuals and those with 
no previous formal education underperform in most neuropsychological tests when compared to 
individuals with higher levels of education52-55.  
The greatest differences are observed between those with no formal education and those with 
elementary education52. Several studies have reported significant performance improvements with 
just one year of education52, 56. Language comprehension, phonological verbal fluency (due to 
increased vocabulary) and abstract thought/concepts such as explaining similarities have been noted 
to be significantly better in those with primary education in comparison to those with minimal 
education (one to two years)52. Schooling-related differences in cognitive performance in individuals 
with at least primary education are typically much smaller than those seen between those with no 
and at least minimal education52. This has been attributed in part to significant ceiling effects in 
neuropsychological tests designed for full marks to be achievable by cognitively normal individuals.  
On formal neuropsychological testing, the most consistent cognitive differences between illiterate 
and literate individuals are in visual perception, logical reasoning, remembering strategies, formal 
operational thinking and verbal ability alongside reading, writing and calculation tasks which 
illiterate people would be expected not to be able to complete52, 53, 55, 57. There appear to be no real 
differences in problem-solving ability, orientation (taking into account cultural differences) and 
verbal memory for familiar categories or real objects58, 59. Short term recall, and especially cued 
recall or recognition memory appear to be indistinguishable in literate and illiterate groups52. The 
largest differences are seen in verbal ability or language tests including phonological verbal 
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fluency60, and some tests of visuo-perception including figure copying and recall of a semi-complex 
figure53.  
Verbal (letter) fluency is typically severely impaired in illiteracy, as might be expected in individuals 
unable to write60. Asking individuals to list words beginning with a particular sound does not improve 
performance and may be because illiterate people are less able to perceive separate words60. Similar 
difficulty has been noted in repetition tasks61. Median phonological verbal fluency score is around 2 
words per minute in illiterate individuals compared with up to 20 in unimpaired educated controls. 
Performance is typically much better in categorical verbal fluency62, and almost normalises when 
categories relate to real experiences such as supermarket items63. Wider categories such as four 
legged animals are limited to those directly experienced in those without access to books62. 
Comprehension appears to be significantly affected in illiteracy, illustrated by inability to follow a 
three stage command55.  
Surprising differences are seen in spatial awareness and in fine finger movements54, 55. Luria’s fist-
palm-side test of frontal lobe function is performed poorly in individuals with low levels of formal 
education64. Performance in tests for apraxia by illiterate individuals such as 'show me how you blow 
out a candle’, or ‘show me how you strike a match' has been equated to that seen in individuals with 
neurological damage to the parietal lobe55. It has been suggested that learning to write leads to 
improvements in fine motor coordination and spatial awareness that might not otherwise be 
acquired64, 65.  
In visual perception, illiterate people have significant difficulty when asked to name objects 
presented as two dimensional line drawings66. Photographs appear to be easier to interpret, and 
performance improves to near-normal when naming real objects55, 66. Interpretation of pictures 
involving actions may be especially difficult, and in one study illiterate people were unable to 
differentiate ‘girl running’ and ‘girl walking’ and had difficulty with opposites such as ‘girl pulls horse’ 
and ‘horse pulls girl’. 
Other tests of two and three dimensional construction such as drawing a map or interpreting a 3D 
figure are difficult for illiterate people to perform in comparison to literate people from the same 
socioeconomic background and cultural group53. Tasks of pencil drawing are typically performed 
very poorly, but performance improves markedly when matchsticks are used to construct shapes67. 
68 Similarly, large differences are seen between illiterate and those with elementary education in 
figure copying, and recall of a semi-complex figure53.  
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In summary, it is clear that literate and illiterate people differ in performance on formal cognitive 
and neuropsychological testing. These differences in performance appear to result from real 
cognitive differences and not simply from a lack of familiarity with a testing situation.  
There are consistent structural and functional neuroimaging differences between literate and 
illiterate individuals which are thought to represent differences in cognitive neurodevelopment. 
Illiterate individuals may have less lateralisation of language69, and are therefore likely to suffer total 
aphasia following a left anterior circulation stroke70 although this is a controversial finding57, 71. The 
corpus callosum of illiterate individuals is thinner, with fewer white matter pathways in the 
splenium72, 73  and the role of the corpus callosum in literacy is supported by lesion studies showing 
that alexia results from lesions in this region. Functional neuroimaging studies suggest that illiterate 
individuals engage both cerebral hemispheres to complete certain tasks where literate individuals 
only use one, despite overall similar performance63.  
Current theories suggest that literacy changes the functional and structural organisation of the brain 
through interaction with the visual system61, 74. For example, learning to read leads to increased 
connectivity between the left and right angular gyri61, 73 . These changes may increase development 
of the cortex and specifically the association areas, through increases in dendritic arborisation74.  
It has been suggested that the ability for abstract thought may be difficult to acquire without 
literacy, because literacy leads to symbolic representation through development of the visuospatial 
sketch pad60, 65. Classic neurological studies of illiterate individuals by Vygotsky and Luria noted that 
symbolic representation was necessary for abstract thought and memory, and that illiterate 
individuals relied more on direct perception and context when problem-solving75. In preliterate 
societies with oral traditions, illiteracy may not have been as problematic, as concepts could be 
represented and communicated in other ways, but these traditions are now rare, and those who are 
illiterate now are likely to be disadvantaged.  
Attempts have been made to separate the effects of literacy and formal education in studies of the 
Vai people of Liberia, where traditionally a local script was taught at home due to lack of access to 
formal schooling. These studies concluded that simply learning to use written script did not improve 
cognition to the same degree as formal school attendance76, 77. Those with formal schooling 
demonstrated better overall cognitive performance and verbal ability. For example they were able 
to give a clear verbal explanation of test answers65.   
These observed differences have been difficult to separate from socioeconomic disadvantage. An 
association between lower socioeconomic status and dementia has been reported in LMIC settings78. 
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Lack of access to education may be associated with other markers of disadvantage such as early 
childhood adversity or undernutrition78. The effect of literacy on cognition and neurodevelopment 
independent of other markers of childhood disadvantage is supported by studies of literate and 
illiterate individuals from the same socioeconomic background. Studies of literate and illiterate sister 
pairs from areas of rural Portugal where it was customary for the oldest daughter to assist with 
housework61 whilst younger siblings attended school, and of adult ex-guerrillas in Colombia from 
similar socioeconomic backgrounds before and after commencing adult education classes, 73 support 
the role of literacy and education in cognitive neurodevelopment separate from childhood 
disadvantage.  
The differences described between literate and illiterate individuals in cognitive neurodevelopment 
may not be simple variants, but may also be due to increased risk of cognitive decline and of 
dementia in illiterate individuals.  
7.6. Education and dementia 
Education and literacy are thought to reduce risk of dementia through increasing cognitive reserve. 
Cognitive reserve is a potentially modifiable risk factor for dementia which is currently the subject of 
much research interest 79-82. The concept originates from evidence that there is often little 
relationship between observed degree of neuropathology and cognitive impairment, with some 
individuals able to tolerate a much greater degree of disease burden without demonstrating clinical 
evidence of dementia 79, 83, 84. Educational exposure is thought to increase cognitive reserve through 
neuroplasticity and creation of more complex neural networks, resulting in the ability to compensate 
for greater degrees of neuropathology in later life83. Conversely, the observed neurocognitive 
differences observed in illiterate individuals may signify reduced cognitive reserve. Illiterate 
individuals have been reported to utilise both cerebral hemispheres to perform tasks performed 
using one hemisphere by literate individuals despite similar performance. Similarly studies of older 
and younger people demonstrate that despite similar overt cognitive performance, older people 
utilise both hemispheres to complete memory retrieval tasks, suggesting a degree of compensation 
for cognitive decline. It follows that if illiterate individuals are employing compensatory strategies 
throughout life, they may not be able to compensate for cognitive decline later in life.  
Education is frequently used as a proxy for cognitive reserve in studies85 but is not the only element 
of cognitive reserve. In individuals with similar access to formal education, higher measures of 
general intelligence at age 11 and linguistic ability in young adulthood have been linked to reduced 
risk of late onset dementia86-88.  
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Similarly, opportunities for informal learning may contribute to cognitive reserve. In illiterate and 
low-literate settings men have been noted to outperform women, but this difference disappears in 
individuals with a high school education65. It has been suggested that this might be because of 
increased opportunities for employment and social interaction outside the home for illiterate men 
that might not be open to women in traditional societies. 
In high-income countries, educational attainment is consistently associated with reduced dementia 
risk 89-92 as well as a delay in onset of the dementia syndrome. Meta-analyses report relative risk (RR) 
of 1.59 for all dementias for those with lower education and pooled OR of 2.61 (95% CI 2.21-3.07)85, 
93 The association appears greater for Alzheimer’s disease (AD) with a RR of 1.8893. The majority of 
these studies include subjects with relatively high levels of education in high-income countries and 
are difficult to compare to populations in SSA.  Studies in LMIC countries, including SSA, have been 
less likely to report an independent association between educational background and dementia, 
although an overall doubling of dementia risk with illiteracy was reported in one review of Latin 
American dementia studies75. It has been suggested that educational attainment is less likely to 
correlate with intellectual ability in these settings due to historical lack of availability or access to 
schooling. Existing studies of dementia prevalence from SSA report illiteracy rates of between 46 and 
90%94 and therefore educational background and even literacy are less likely to reflect childhood 
educational ability. Data are very limited in SSA because the vast majority of studies focussing on 
education and literacy as risk factors for dementia, and examining cognitive reserve have taken place 
in HIC settings.  
Since low educational attainment and illiteracy appear to be risk factors for dementia, and may be 
associated with the rate of cognitive decline, cognitive screening tools developed in higher literacy 
settings but employing lower threshold values for illiterate or low-educated individuals may be 
reducing validity by failing to identify cognitive decline in those who may be at greatest risk95. It is 
clear also that individuals who are illiterate or with very low levels of formal education have major 
neurocognitive differences compared to educated individuals and that simply removing literacy and 
numeracy dependent items from screening tools is unlikely to be an effective strategy. Tools 
minimally modified in this way are likely to contain significant bias towards illiterate individuals are 
described above.  
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7.7. Dementia subtypes and cognitive assessment 
Worldwide, the most common cause of dementia is thought to be Alzheimer’s disease (AD), totalling 
60-70% of cases96. The next most common cause is vascular dementia (VAD), comprising around 20% 
of cases worldwide96. Data on aetiology of dementia in LMICs are scarce, and limited by lack of 
access to neuroimaging or other biomarkers. There is some evidence that vascular cognitive 
impairment and vascular dementia are (were) more common in some East and South East Asian 
countries, particularly prior to transition to a Western lifestyle97, 98. There is also some limited 
evidence that development and globalisation with adoption of a high-income country lifestyle can 
result in a change in dementia subtype prevalence from VAD to AD99, 100. The underlying causes of 
this change are not known, and these findings are not universally accepted. Data on aetiology of 
dementia in SSA are particularly limited. Subtype diagnoses are reported in very few studies, and 
fewer are supported by neuroimaging or neuropathology101. There are some limited data from our 
team supported by neuroimaging suggesting that VAD is more prevalent in Tanzania than typically 
reported in HICs, and supported by neuroimaging data27. Although current data are lacking, the 
profile of dementia may differ in SSA to HIC settings. This is important when considering dementia 
screening.  
Different patterns of neuropsychological impairment are typically evident in different subtypes of 
dementia and can be demonstrated on formal neuropsychological testing. ADD is characterised by 
early verbal and non-verbal memory impairment, followed by visuospatial impairment, difficulties 
with abstract reasoning and judgement, verbal fluency and naming. In VAD, memory impairment is 
typically less severe than that seen in AD, particularly in the early stages. Verbal fluency and other 
measures of executive function tend to be more severely affected.  Dementia with Lewy bodies 
(DLB) is characterised by attentional and visuospatial impairment, verbal (particularly letter) fluency, 
processing speed and abstract reasoning. Screening tools developed and used in HIC settings are 
often biased towards ADD and may be less effective in screening for other dementia subtypes102. 
A comprehensive screening tool for dementia should therefore cover six core domains or abilities. 
These include attention and working memory, verbal learning and recall, visual construction, 
expressive language, executive functioning and abstract reasoning102. This is the case in dementia 
globally, but particularly in LMIC settings, including SSA.  
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ABSTRACT
Background: The majority of older adults with dementia live in low- and middle-income countries (LMICs).
Illiteracy and low educational background are common in older LMIC populations, particularly in rural areas,
and cognitive screening tools developed for this setting must reflect this. This study aimed to review published
validation studies of cognitive screening tools for dementia in low-literacy settings in order to determine the
most appropriate tools for use.
Method: A systematic search of major databases was conducted according to PRISMA guidelines. Validation
studies of brief cognitive screening tests including illiterate participants or those with elementary education
were eligible. Studies were quality assessed using the QUADAS-2 tool. Good or fair quality studies
were included in a bivariate random-effects meta-analysis and a hierarchical summary receiver operating
characteristic (HSROC) curve constructed.
Results: Forty-five eligible studies were quality assessed. A significant proportion utilized a case–control
design, resulting in spectrum bias. The area under the ROC (AUROC) curve was 0.937 for community/low
prevalence studies, 0.881 for clinic based/higher prevalence studies, and 0.869 for illiterate populations. For
the Mini-Mental State Examination (MMSE) (and adaptations), the AUROC curve was 0.853.
Conclusion: Numerous tools for assessment of cognitive impairment in low-literacy settings have been
developed, and tools developed for use in high-income countries have also been validated in low-literacy
settings. Most tools have been inadequately validated, with only MMSE, cognitive abilities screening
instrument (CASI), Eurotest, and Fototest having more than one published good or fair quality study in
an illiterate or low-literate setting. At present no screening test can be recommended.
Keywords: cognitive assessment, screening, education, developing country, meta-analysis, low- and middle-income countries
Introduction
Dementia is a global public health priority with
an estimated 300 million people currently affected
(Prince et al., 2013b). Current epidemiological
data and projections suggest that the majority of
affected individuals reside in low- and middle-
income countries (LMICs) and that this proportion
will rise to over 71% of the world total by 2050
(Prince et al., 2013a). Identification of dementia
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allows early intervention and can improve outcomes
(Prince et al., 2013b). In LMICs, scarcity of health-
care and human resources has resulted in a lack of
trained clinicians able to correctly identify dementia
(Saxena et al., 2007). The World Health Organ-
ization’s (WHO) mental health strategy addresses
this resource gap through training non-specialist
clinicians to carry out tasks normally completed
by specialists in better resourced areas (Dua et al.,
2011). This approach requires well validated and
accurate screening tools to assist non-specialists.
Worldwide, over 700 million people are illiterate
(UNESCO, 2015). Illiteracy and low rates of
formal education are more common in LMICs,
particularly in older adults (UNESCO, 2015),
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but can also be found in some HICs due to
similar historical difficulties with resources and
conflicts affecting the older population as well as
recent population shifts due to globalization and
migration.
Illiteracy and low educational level are as-
sociated with increased risk of dementia and
have been hypothesized to account for some of
the observed differences in reported prevalence
(Caamano-Isorna et al., 2006; Meng and D’Arcy,
2012). Conversely, rates of cognitive impairment
and dementia may be overestimated in LMIC
populations due to poor performance in cognitive
screening tests which require some degree of
literacy (Paddick et al., 2015). Illiterate and low-
educated adults can perform poorly on many
conventional cognitive tests, without evidence of
cognitive or functional decline on clinical history
and examination. Most cognitive screening tests
for dementia in frequent use, even in LMICs,
were developed and validated in HIC settings
with higher levels of formal education than those
found amongst older adults in many LMICs.
These differences in performance are not simply
restricted to those aspects of cognitive screening
traditionally taught in schools such as reading,
writing or calculation, but include visuospatial and
language ability (Rosselli et al., 1990; Ostrosky-
Solis et al., 1998). Performance differences have
been attributed to simple lack of confidence
or familiarity with test situations, but evidence
exists of differences in cortical organization and
development in non-demented individuals without
formal schooling (Castro-Caldas et al., 1998; Ardila
et al., 2010). These differences have been noted
between individuals with just one year of formal
schooling in comparison with those without formal
schooling (Ostrosky-Solis et al., 1998).
Difficulties in screening and diagnosis of demen-
tia in low-literacy settings are widely recognized.
Epidemiological studies of dementia from sub-
Saharan Africa (SSA) report illiteracy rates of 47–
97% in older adults (Guerchet et al., 2009; Yusuf
et al., 2011). Similarly, the majority of participants
in an international dementia prevalence study from
LMICs including China, India, and South America
reported either no formal education or incomplete
primary education (Sosa et al., 2009). In rural
Tanzania, our research group has reported that only
7% of females and 18% of males aged 70 years and
over had 4 years of education or greater (Paddick
et al., 2014).
The effect of lower levels of formal education
on cognitive screening performance has been
demonstrated in HIC settings, but the overall
level of education in these studies is generally
higher than that found in older populations in
LMICs (Crum et al., 1993). More recently, a cross-
cultural protocol for dementia diagnosis has been
developed for use in low-literacy LMIC settings,
but this is lengthy and not suitable for routine use
by non-specialists (Prince et al., 2003). Existing
dementia prevalence studies in SSA hospital
settings often utilize tools designed and validated in
HICs such as the Mini-Mental State Examination
(MMSE), suggesting that these tools are common
in routine practice in LMICs (Uwakwe, 2000;
Touré et al., 2008; Napon et al., 2009; Ramlall
et al., 2013).
We aimed to systematically review existing
literature on brief, non-specialist cognitive
screening tools with criterion validity against a
clinical dementia diagnosis in older adults with
very low or no formal education or literacy ability.
We wished to determine whether existing brief
cognitive screening tools can be used in populations
of older adults with low or no formal education with
similar levels of accuracy to those reported in HIC
settings.
Methods
This systematic review followed published
guidelines on reporting of systematic reviews
of diagnostic accuracy studies, including PRISMA
(Moher et al., 2009).
Search strategy
We searched four major databases Medline
(1946–), Embase (1981–), Psychinfo (1806–),
and Cinahl (1981–) for studies published prior
to December 01, 2014. Included search terms
were dementia (subject headings: dementia,
cognitive impairment/defect/disorders, Alzheimer’s
disease (AD), memory disorders), questionnaires
(subject headings: questionnaires, brief cognitive
screening; keyword – assess*, screen*), low literacy
(subject headings: educational status, educational
attainment level, educational background,
illiteracy; keyword – illitera* and low literacy),
and validity (subject headings: validity, test validity;
keyword – valid).
Reference lists of review articles and included
studies were hand searched, alongside online
databases of LMIC based literature including
SCIELO (Central and South America) and
African Journals online in order to identify non-
indexed peer reviewed articles and ensure a global
perspective. Results were not restricted to English
language, but only abstracts available in English,
Spanish, French, Italian, or Portuguese were
reviewed due to resource availability.
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Eligibility/inclusion criteria
Abstracts and titles were initially screened by S-
MP and WKG separately, with full text articles
requested for further assessment where it was not
clear whether or not studies met the inclusion
criteria. Disagreements were resolved through
discussion.
Diagnostic accuracy studies of any cognitive
measure, assessment, instrument, or test for face-
to-face cognitive screening of dementia were
included if they measured criterion validity against
a gold standard diagnosis of dementia in individuals
aged 45 years and over in a low-literacy setting,
and were suitable for non-specialists to use
in routine care. Self-assessment, telephone, and
informant measures were excluded. We defined
gold standard diagnoses as those using standard
criteria including ICD or DSM, or clinical
diagnoses made by a specialist clinician such as
a neurologist, psychiatrist, or geriatrician. Studies
simply reporting correlation between a cognitive
screening tool and a more established screening
test were excluded. The age cut-off of 45 years
was selected based on previous epidemiological
literature from LMICs. Low-literacy was defined
as four years of formal education or less. Illiteracy
was defined by self-report or less than one year
of formal education. Suitability for use by non-
specialists was determined by test duration (20
minutes or less) and ability to be performed without
specialist training. In determining whether included
screening tools met this criterion, information was
sought from the index article or reference lists.
Where unavailable, likely duration and eligibility
were determined based on clinical experience of the
researchers. Detailed neuropsychological batteries
and tests for dementia subtype were excluded, as
were studies from specialist settings, such as post-
head injury or stroke. Illiteracy and educational
background based on self-report were acceptable,
as existing large epidemiological studies from
LMIC settings have also used self-report and
standardized literacy assessments are not routinely
available (Sosa et al., 2009).
Since research interest in this area is relatively
recent, we wished to accurately reflect the current
knowledge base and data quality. Both case–control
(stage one diagnostic studies) and cross-sectional
studies were therefore eligible for review.
Where studies described a low-education pop-
ulation, but data on individuals with 4 years of
education or less were not presented, authors
were contacted directly and requested to provide
this data. In the absence of this additional data,
only those studies where a minimum of 25% of
participants were illiterate or had no formal school-
ing were included. Studies including combined
cognitive screening and informant questionnaires
were included if cognitive screening accuracy
could be separately extracted from presented data.
Although cultural differences may impact on test
performance, consideration of such differences was
beyond the scope of this review. Therefore, studies
from any geographical location were included if
eligibility criteria were met.
Data extraction
Data were extracted by one author (S-MP) and
a selection checked by another author (WKG).
Demographic data extracted included geographical
location and clinical setting, screening test used,
age and gender balance of cohort, dementia
prevalence, overall median education, and pro-
portion of individuals with less than one year of
education or illiteracy. Diagnostic accuracy data
including sensitivity, specificity, AUROC, and cut-
off used were also extracted for each screening tool.
Cross-sectional community (lower prevalence),
primary/secondary care (higher prevalence), and
case–control studies were considered separately.
Cognitive domains assessed in each screening test
were determined, and test subsequently categorized
into single domain or multiple domain tests.
For meta-analysis, true positive, true negative,
false positive, and false negative screening results
were extracted or calculated where possible from
published data or original data supplied by
authors. Where possible, these data were extracted
separately for the illiterate/no formal education
subgroup.
Quality assessment
Study quality was evaluated using the Quality
Assessment of Diagnostic Accuracy Studies version
2 (QUADAS-2) tool (Whiting et al., 2011).
QUADAS-2 consists of 4 domains and 14 items
assessing the risk of bias, applicability, and quality.
Each item is scored as “yes,” “no,” or “unclear.”
Two reviewers (SMP and WKG) independently
evaluated each of the included studies using agreed
criteria based on the QUADAS-2 core questions
and applicability to the study question. Core
criteria included: (1) method of patient selection
(consecutive or random selection, study design
and inclusion/exclusion criteria); (2) index test
used and blinding to results of the reference
standard assessment; (3) use of an appropriate
reference standard independent of the screening
test result; and (4) flow and timing (appropriate
interval between index test and reference standard,
all participants assessed with the same reference
standard, all participants included in the analysis).
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Studies meeting all four core criteria were rated
good quality. Fair quality studies failed to meet
one core criterion but were otherwise robust.
Case–control studies were assessed separately and
acknowledged not to meet criterion 1.
Meta-analysis
A bivariate diagnostic random-effects meta-analysis
was conducted using the mada open source
package for R software (Doebler and Holling,
2012). Bivariate meta-analysis is recommended
in studies of diagnostic tests due to threshold
effects and underlying between studies variability.
A random-effects model was used to adjust for
heterogeneity. Only cross-sectional studies with at
least three individuals with dementia in a low-
literacy population were included in meta-analyses.
Studies of insufficient quality on QUADAS-2
assessment were not included in meta-analysis.
This included those with a case–control design
and where inadequate blinding in screening test
administration or gold standard diagnosis resulted
in significant bias.
Combined sensitivity, false positive rate, and
diagnostic odds ratios (DOR) were used to
summarize screening test accuracy. Forest plots
were used to summarize the variability in the
thresholds used. Between study heterogeneity was
assessed using both the I2 statistic and Cochran’s
Q with p <0.10 considered statistically significant.
A hierarchical summary receiver operating charac-
teristic (HSROC) curve was constructed to present
summary estimates of sensitivity and specificity
alongside 95% CI and prediction region in each
subgroup. Area under curve (AUC) and partial
AUC statistics corrected for observed data and false
positive rates were also calculated.
Accuracy was assessed using this method for
all screening tools in low-literacy groups in both
community or low prevalence and clinic-based
or higher prevalence settings. There is evidence
that both sensitivity and specificity can vary with
disease prevalence alongside positive predictive
value, possibly due to the differing spectrum
of patients assessed in each setting (Leeflang
et al., 2013). Studies in these different settings
were therefore analyzed separately. All screening
tools were initially analyzed together, in order to
assess the accuracy of cognitive screening methods.
This approach has been used in previous meta-
analyses of screening tools with a focus on HIC
settings (Mitchell and Malladi, 2010). Where
possible, accuracy was evaluated for illiterate/no
education groups only. It was intended to analyze
performance of specific tests where sufficient data
were available.
Results
Included studies
The study selection process is shown in Figure 1. A
number of cognitive assessment tools developed for
use in low-educated and illiterate populations did
not meet our inclusion criteria. These included the
Community Screening Instrument for Dementia
(CSI-D) used in dementia prevalence studies
across LMIC countries. The CSI-D requires an
informant, has a duration of over 30 minutes and
utilizes a computer algorithm for risk stratification
therefore cannot be used by non-specialists (Prince
et al., 2003). A brief CSI-D has been modeled and
internally validated but not evaluated in clinical
practice (Prince et al., 2011). Similarly the Literacy
Independent Cognitive Assessment (LICA) and
shorter version (S-LICA) were felt to be too
complex and/or lengthy for routine use (Choi
et al., 2011). The Rowland Universal Dementia
Scale (RUDAS) was designed for cross-cultural
assessment (Basic et al., 2009), but we were unable
to identify a low-literacy validation study of the
RUDAS for inclusion in this review. A total of 45
studies meeting our study criteria were identified.
A summary of included studies is presented in
Tables 1–3.
A total of 27 different screening tests were
evaluated, of which four were cultural adaptations
of the MMSE. A total of 14 tests (12 multi-domain
and 2 single domain) were specifically developed
for use in low-literacy settings. A summary of the
cognitive domains assessed is presented in Table 4.
A majority of studies are related to multi-domain,
rather than single domain, cognitive tests. Of those
tests evaluated, only the MMSE, cognitive abilities
screening instrument (CASI), Eurotest, Fototest,
and KICA were validated in more than one good or
fair quality study. The low-literacy validations iden-
tified for each study are also included in Table 4.
The geographical distribution of good or fair
quality studies is shown in Figure 2. Although the
majority originated in LMICs, a significant number
did not. Twelve studies were conducted in low-
literacy populations in Spain, and two in minority
Aboriginal populations in Australia. Similarly, three
of the most-validated tests, such as the Eurotest,
Fototest, and KICA, were developed in low-literacy
settings in HICs.
Population and community studies
Fourteen cross-sectional community or population-
based studies were identified and are summarized
in Table 1. Geographical location of these studies
included China (five studies), India (two studies),
Spain (two studies), Australia (two studies), Brazil,
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Figure 1. (Colour online) Prisma flowchart of study selection.
Turkey, and Nigeria. A total of 12 screening tools
were validated in this setting. Sample size ranged
from 455 to 8,411 in population-based studies and
101–490 in smaller community based studies. One
small study from India included both community
and outpatient clinic cohorts, reported separately,
and another in Australia used community health
contacts to oversample for cognitive impairment.
Reported rates of illiteracy or no formal education
ranged from 25% to 91%. Dementia prevalence
was generally low, ranging from 3% to 21% with
the exception of one study reporting a prevalence
of 34% in a population over-sampled for cognitive
impairment. All studies utilized DSM-IV, DSM-
III, or DSM-III-TR criteria by consensus or
specialist clinician, with the exception of one study
utilizing an algorithm-based DSM-IV diagnosis.
Two studies also applied research criteria for
dementia subtypes.
Prevalence/clinic settings
Thirteen screening tests were evaluated over 16
studies conducted in clinic settings. The majority
of studies took place in Spain (eight studies)
with four taking place in Brazil, two in India,
and one each in Thailand and China. These
studies are summarized in Table 2. Prevalence of
dementia ranged from 10.4% in primary care
(Baos Sánchez et al., 2007), 17.8% in nursing
home residents (Jitapunkul et al., 1996), and 19–
33% in more specialist clinics. Illiteracy rates in
these studies varied from 5.3% (Verghese et al.,
2012) to 65% (Martínez de la Iglesia et al.,
2001) with the majority quoting rates from 25%
to 40%. However those studies reporting lower
illiteracy levels quoted rates of none or minimal
schooling of 41.4% to 49% (Carnero Pardo et al.,
2007; Saez-Zea et al., 2008) amongst participants.
Included studies where less than a quarter of the
sample were illiterate or had no formal studies
are those where supplementary information on a
low-literacy subgroup was obtained from the study
authors. Most studies used DSM-III, DSM-III-
TR, or DSM-IV dementia criteria, with two studies
utilizing dementia subtype diagnoses.
Case–control studies
Case–control designs are recommended for use
only in the first stage of assessment of a diagnostic
test, and the majority of these studies related
to initial validations of newly developed tests,
or initial studies of well-established tests in a
low-literacy setting, see Table 3. These studies
were nevertheless relevant to our study question
with level of illiteracy ranging from 20% to
100%. Identified case–control studies validated 16
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Figure 2. Map of good and fair quality low-literacy screening tool validation studies.
different cognitive tests (including two cultural
adaptations of the MMSE) over 15 studies. The
majority of studies took place in Brazil. Other
studies were located in Spain, Greece, China,
Korea, Hong Kong, Senegal, and Turkey.
Sample size in these studies ranged from 60
to 968 with most studies including around 200
participants. Dementia prevalence ranged from
16.75 to 63%, with most studies aiming to include
50% of participants with dementia and 50% control
participants. Two studies employed consecutive
sampling, but subsequently included only nor-
mal controls and individuals with mild/moderate
dementia in the analysis. All but two took
place in clinic/high prevalence settings, and the
majority utilized NINCDS-ADRA criteria for AD
alongside DSM-III or DSM-IV dementia criteria
with some studies only including patients with
AD dementia. Sensitivity and specificity for each
included screening test are summarized in Table 3.
Quality assessment
A total of 24 of the 45 included studies were of
good or fair quality, see Table 5. Of those rated
as being of poorer quality, a significant number
(15) utilized a case–control design. Additional
spectrum bias was evident amongst case–control
studies with most including only individuals
with mild dementia alongside healthy controls.
Six cross-sectional studies were found to have
inadequate blinding procedures in administration
of the index screening test, or gold standard
reference diagnosis or screening tests applied
to persons with established diagnoses. Most
community studies used population samples from
cross-sectional or longitudinal studies. Others
utilized cluster sampling or a stratified sample from
two stage community-based studies. Two studies
oversampled for cognitive impairment resulting in
potential spectrum bias. The majority of clinic-
based studies sampled consecutive or randomized
referrals (eight studies) (Almeida, 1998; Xu et al.,
2003; Carnero-Pardo et al., 2006; Baos Sánchez
et al., 2007; Saez-Zea et al., 2008; Carnero-
Pardo et al., 2011b; Carnero-Pardo et al., 2012).
Others utilized convenience sampling (Lourenço
et al., 2008; Ribeiro Filho and Lourenço, 2009),
oversampled for cognitive impairment (Martínez de
la Iglesia et al., 2001) or supplemented additional
unimpaired controls (Carnero Pardo et al., 2007;
Verghese et al., 2012). Generalizability of both
community and clinic-based studies was limited by
exclusion of individuals with “severe” (De Yebenes
et al., 2003; Del Ser et al., 2006; Lourenço and
Veras, 2006; Stanley et al., 2009) or “significant”
sensory impairment (Stanley et al., 2009) and
neurological or psychiatric disorders (Stanley et al.,
2009; Lu et al., 2011; Verghese et al., 2012).
Three studies provided insufficient information
about study design most commonly in the domain
of patient flow and timing; these were rated “fair”
if no information in the manuscript led reviewers to
suspect serious methodological flaws.
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Meta-analyses
Studies were excluded from meta-analyses due to
insufficient quality, as assessed by the QUADAS-
2 tool; all case–control studies were excluded for
this reason. A full description of the reasons for
exclusion from meta-analyses is listed in Table 5.
Four separate meta-analyses were conducted.
Community or low prevalence studies
Population and community studies included in the
meta-analysis included twelve cohorts from eleven
primary studies with a total of 15,939 participants
of whom 1,376 were diagnosed with dementia
(8.6%). Screening tests included variations of the
MMSE (four cohorts), and single studies of the
HDS, KICA, MOCA, CASI, 7MS, B-IMC, PCL,
and VSID-P. All are multi-domain cognitive tests.
One community study of a single-domain test
(Stick design, Nigeria) was excluded from the
meta-analysis after failing to meet the QUADAS-2
quality standard as the screening test formed part
of the diagnostic assessment. Two other studies
where participants were oversampled for cognitive
impairment were considered more appropriately
analyzed with high prevalence studies.
There was non-significant heterogeneity
between studies when measured by Cochran’s
Q: (17.704 (11 df, p = 0.089)), but moderate
heterogeneity when measured with Higgins’ I2, a
measure of the percentage of total variability due
to between studies variability (37.9%).
Combined data in a bivariate random-effects
model resulted in a sensitivity estimate of 0.869
(95% CI = 0.791–0.921) and specificity of 0.886
(0.823–0.923). The combined DOR for the model
was 50.529 and a HSROC was plotted with
an AUC of 0.937and partial AUC (restricted to
observed FPRs and normalized) of 0.901, see
Figure 3. The most accurate screening tests were
7MS, PCL, and KICA-Cog in Australia. The least
accurate were the Hindi MMSE and VSID-P,
although the VSID is designed to be used alongside
an informant history.
H igher prevalence or clinic-based
studies
A total of 13 clinic-based or higher prevalence
primary studies including 17 validation cohorts
were suitable for inclusion in meta-analysis. Other
studies were excluded where low-literacy data
could not be extracted or supplied by study
authors. Higher prevalence studies included 3,487
individuals of whom 899 were diagnosed with
dementia (25.8%). Tests evaluated were the
Spanish MMSE (MEC) (two studies) Chinese
MMSE, Brazilian MMSE (two studies) the VSID-
P, KICA-Cog (two studies), CASI (2 cohorts from
one study), Fototest (two studies), Eurotest, PMIS,
MAT, CMT, and SPMSQ.
There was little heterogeneity between studies
(Cochran’s Q: 16.235; p = 0.437, I2 1.449%).
Pooled sensitivity was estimated at sensitivity
of 0.845 (0.817–0.869) and specificity of 0.847
(0.805–0.882). The combined DOR was 35.681
and the HSROC resulted in an AUC of 0.881
(partial AUC 0.843). The least accurate test was
the Brazilian MMSE, and the most accurate were
the CMT and PMIS in Thailand and India albeit
with wide confidence intervals. All are multi-
domain tests with the exception of the PMIS, which
is a picture-based recall test.
Studies of illiterate individuals
Studies including only illiterate individuals or
where data for illiterate individuals could be extrac-
ted included 2,098 individuals (392 with dementia)
across seven primary studies. These included three
clinic-based studies, three community studies, and
one combining memory clinic and population study
participants. Screening tests were all multi-domain
and included Brazilian and Chinese variants of
the MMSE, the KICA (Aboriginal population
in Australia), the SPMSQ (Spain), the CASI
(China),and the BR-IMC (China). One large study
of the MOCA was excluded as diagnostic accuracy
data for illiterate individuals related to cognitive
impairment rather than dementia. Similarly, studies
of insufficient quality on the QUADAS-2 were also
excluded, a large proportion of those identified.
There was little heterogeneity between studies
(Cochran’s Q: 6.734; p = 0.346, I2 −10.9%).
Combined sensitivity estimate was 0.818 (0.769–
0.859) and specificity was 0.801 (0.745–0.848).
The combined diagnostic odds ratio was 18.753
and the HSROC resulted in an AUC of 0.869
(partial AUC 0.812). The least accurate tests were
the Brazilian MMSE and B-IMC in China with
similar performance for the MMSE in another
Brazilian study and for the Chinese MMSE. The
most accurate tests were the KICA-Cog and
SPMSQ.
Validation studies of the MMSE
A total of eight primary studies (nine separate
cohorts) validated variants of the MMSE in a low-
education setting. These included MMSE-Brazil,
Hindi MMSE, MMSE-Turkish, Chinese MMSE,
and MMSE Spanish version (MEC). These are
analyzed together because despite cultural and
educational variations, all retain the structure of
the original and cover similar cognitive domains. A
total of 3,559 individuals were included of which
. https://doi.org/10.1017/S1041610216001976
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Figure 3. Results of meta-analysis. Forest plots of diagnostic odds ratio (DOR) and hierarchical summary ROC (HRSROC) curves.
397 had dementia (11.2%). Cut off points for
dementia screening varied widely and ranged from
14 to 20 for those who were illiterate or without
formal education and 17 to 23 in those with at
least one year of education. Most studies utilized
different cut off points for those with and without
formal education.
There was no significant heterogeneity between
studies (Cochran’s Q: 9.894; p = 0.273, I2
19.147%). Combined sensitivity estimate was
0.828 (0.789–0.862), and specificity was 0.817
(0.717–0.887). The combined DOR was 22.981
and AUC was 0.853 (partial AUC 0.819). The
MMSE demonstrated the most accuracy when
used in low-literacy cohorts in Spain and Brazil,
but performed poorly in some of the lowest literacy
settings in LMICs.
Discussion
The overall diagnostic accuracy of cognitive
screening tests for dementia in low-literacy settings
is similar to that reported in reviews of diagnostic
accuracy in HICs. A meta-analysis of brief cognitive
screening tools for identification of dementia in
HICs reported a pooled sensitivity and specificity
of 72% and 88.2%, respectively, in community
settings (dementia prevalence 16%), 88.9% and
88.4%, respectively, in secondary/specialist care
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(dementia prevalence 28%; Mitchell and Malladi,
2010). In comparison, we calculated a sensitivity
of 86.9% and 84.5% and specificity of 88.6% and
84.7% in community and clinical studies, respect-
ively. Although this degree of accuracy might be
acceptable in a HIC setting, with higher levels of
access to specialist clinicians, in LMIC settings
higher sensitivity and specificity are necessary
to improve dementia case-finding and screening,
especially in primary care or community settings.
In lower prevalence or community studies, the
most accurate tests were the 7MS, PCL, and
KICA-Cog conducted in Spain and Australia, and
in higher prevalence or clinical studies, the most
accurate were the CMT and PMIS. In illiterate
individuals, the best-performing tests were the
KICA-Cog and SPMSQ. In all three settings,
the worst-performing tests were adaptations of the
MMSE, alongside the VSID-P in the community
and the B-IMC in illiterate individuals. However,
the VSID was designed to be utilized alongside an
informant interview, and we have analyzed only the
performance of the cognitive screening tool. No
studies of hospital inpatients were identified that
met our study criteria.
Overall, we found the diagnostic accuracy of
cognitive screening tools to be best in community
or population settings compared to clinic settings.
This may be related to the spectrum of participants
seen. Some community studies excluded individu-
als with significant sensory impairment, which may
have artificially increased the diagnostic accuracy of
the screening test. Clinic-based studies taking place
in geriatric medicine clinics might also be expected
to have a higher proportion of individuals with gen-
eral frailty or medical conditions adversely affecting
performance on a cognitive test. Performance of
screening tools included within these studies is
therefore representative of routine clinical practice
conditions.
Diagnostic accuracy was reasonable (DOR 18,
AUC 0.869) in studies only including illiterate
individuals, although, in general, screening test
performance was lowest in this group. A few
good or fair quality studies were identified in this
group, with a significant proportion utilizing a case–
control design.
Heterogeneity between studies was generally low
to moderate, and highest in community settings.
This may be partially due to the fact that we
selected studies relevant to a specific low-literacy
population only, but is interesting in that these
studies took place in many different geographical
locations and where cultural background would be
likely to differ.
Many briefer screening tools focused on recall
only. Recall is affected early in AD dementia
but less so in other dementia subtypes. There is
evidence that vascular dementia is more common
in LMIC settings, although overall knowledge of
dementia subtypes in these regions is limited. Tools
focusing on AD-type pathology only may therefore
be of limited utility. Similarly, most good or fair
quality studies did not report or assess for dementia
subtypes, and many case–control studies focused
only on individuals with AD.
Screening tool length was variable, with tests
ranging from 1 to 20 minutes in length. As
expected, longer tests generally assessed a wider
range of cognitive domains. Evidence from HICs
suggests that screening tools should be of 5
minutes duration or less in order to be practical
for use in primary care (Brodaty et al., 2006).
Of the screening tools included in this study,
only the COST, Eurotest, Fototest, and VSID
included most cognitive domains within 4–7
minutes and might therefore have potential for
use in primary care. Of these, only Eurotest and
Fototest have been independently validated, but not
in a substantial low-literacy cohort, independent
validation studies of these tests in low-literacy
LMIC settings have yet to take place. These tests
were also not among the most accurate identified.
In resource-poor settings, cost is also a consider-
ation. The MMSE is subject to license restrictions
and its use now requires payment. Most but not all
of the tests reviewed are in the public domain or
free to use with permission, see Table 4.
A significant proportion of the identified studies
utilized a case–control design, the majority of which
took place in urban clinical settings, frequently
teaching hospitals, and university clinics. These
therefore had limited generalizability. Similarly,
a large number of validation studies initially
identified did not meet our study criteria as
the overall level of education among participants
was relatively high. The majority of these studies
appeared to have been carried out in teaching
hospital clinics and may not be representative of the
older population in these settings.
The majority of screening tools identified in this
study, whether developed for a low-literacy setting
or validation of an established screening tool in a
low-literacy setting, had been validated only once.
Few had an identifiable independent validation
with the exception of the MMSE variations,
Eurotest, Fototest, KICA-Cog, and CASI. Only
for the MMSE, were sufficient studies identified to
separately analyze diagnostic performance.
Performance of the MMSE overall in this review
resulted in a combined sensitivity estimate of 82.8%
and specificity of 81.7%. In comparison, a recent
meta-analysis including 149 studies of the MMSE
reported similar findings with combined sensitivity
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of 81% and specificity of 89% (Tsoi et al., 2015).
When compared to other screening tests included
in this review, the MMSE performed poorly as
a screening test for dementia despite inclusion of
culturally relevant adaptations. Better performance
was seen in HIC settings or settings with relatively
higher formal education and worst in those with
the lowest literacy, reflecting the well-evidenced
educational bias of the instrument.
Variations of the MMSE are therefore least likely
to be accurate and should be avoided for dementia
screening in low-literacy settings. Despite this, the
MMSE remains the most widely used dementia
screening test worldwide (Shulman et al., 2006),
including in low-literacy LMIC settings.
The cut-off values utilized for the MMSE
varied widely. Some studies utilized different cut-
off values for participants with and without formal
education, frequently based on normative data.
Although a bivariate method of meta-analysis takes
threshold effects into account (Reitsma et al.,
2005), the approach of varying screening cut-off
values in different populations has been criticized
for reducing validity and this is also likely to reduce
generalizability to other populations. This approach
is also likely to lead to considerable ceiling effects in
those with better cognitive performance (Kraemer
et al., 1998).
Many screening tests included in this review
were developed both for a low-literacy population
and specific to the cultural and geographical
setting in which the study was carried out.
Examples include the KICA-Cog test developed
for the Aboriginal minority group in Australia,
VSID in India, and Chula Mental Test (CMT)
in Thailand. Therefore, although the CMT
and KICA-Cog were among the best-performing
screening tests, performance cannot be generalized
to, or recommended in other settings. Other tests
are more easily transferable such as the picture
recall tests of the PMIS and Fototest, but these
currently lack independent validation in a low-
literacy cohort in a LMIC.
Limitations
This review assessed cognitive screening in low-
literacy populations regardless of geographical
location. Cultural differences are likely to affect
performance on cognitive testing, and this issue has
not been the focus of this review.
It is possible that other articles meeting our
search criteria exist, but were not identified using
our search criteria if they included a low-literacy
population and did not refer to this in the article
abstract or search terms. Since we also reviewed
reference lists of included studies, articles not
identified are likely to be a few. We only reviewed
articles in English, Spanish, French, Italian, or
Portuguese, and therefore we may have missed
studies published in other languages. Nevertheless,
all articles identified through database search had
an English abstract and were excluded through not
meeting the study criteria. Although we attempted
to contact study authors for additional data, for
many older studies this was not possible and
therefore studies had to be excluded from meta-
analysis. This may have led to bias in the study.
Conclusion
This systematic review and meta-analysis of brief
cognitive screening tools validated in illiterate and
low-literacy settings demonstrated that cognitive
screening tools have a diagnostic accuracy in
low-literacy or illiterate populations similar to
that reported in meta-analyses of screening tool
performance in identification of dementia in higher
literacy settings. This accuracy is likely to be
inadequate to allow accurate case identification by
non-specialists in LMIC settings. Published high
quality studies are few, and few screening tools
have been independently validated in a low-literacy
setting. Differing cut-off values further reduce gen-
eralizability. At present, although existing screening
tools demonstrate reasonably good accuracy in
low-literacy settings, the available evidence is
inadequate to allow recommendation of any one
particular test. We recommend that further high-
quality independent validations of tests designed for
low-literate populations should take place in LMIC
settings in order to establish diagnostic utility in
these settings.
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8. Commentary on Background Paper 1 
8.1. Overview and summary 
Although the need for culturally appropriate cognitive screening tools designed for low-literacy 
settings is well-recognised, few screening tools have been adequately validated. We conducted a 
systematic review and meta-analysis of cognitive screening tools for dementia suitable for non-
specialists to use in routine clinical care and of 15-20 minutes duration or less (Background Paper 1). 
We were specifically interested in performance in illiterate and low-literate populations which we 
defined as having 4 years of education or fewer, as previous evidence suggested this to be the level 
at which educational differences had the greatest effect on cognitive performance. The review 
followed PRISMA guidelines and studies were quality assessed using the QUADAS-2 tool. We 
focussed specifically on cognitive rather than informant or function-based assessments for this 
review.  
A total of 45 eligible studies were quality assessed. A significant proportion of studies utilised a case 
control design, resulting in spectrum bias. Many of these studies were small and took place in 
university teaching hospitals in urban centres and therefore have limited generalisability. We elected 
to include these studies in the review as this reflected the preliminary nature of the existing 
evidence.  
A number of cognitive assessment tools developed for use in low-educated and illiterate populations 
did not meet our inclusion criteria. These included the Community Screening Instrument for 
Dementia (CSI-D) used in the 10/66 protocol. The CSI-D requires an informant, has a duration of over 
30 minutes and utilises a computer algorithm for risk stratification therefore cannot be used by non-
specialists. Similarly the Literacy Independent Cognitive Assessment (LICA) and shorter version the S-
LICA were felt to be too complex and/or lengthy for routine use. The Rowland Universal Dementia 
Scale (RUDAS) was designed for cross-cultural assessment, but we were unable to identify a low-
literacy validation study.  
Studies included in the review are described in Figure 4. Surprisingly, many studies of illiterate and 
low-literate populations identified were conducted in rural or minority groups in HIC settings where 
older people had previously had difficulties accessing formal education and these may not therefore 
be generalizable to LMIC settings due to cultural differences. A number of screening tests were 
developed for specific cultural and geographical settings. Examples included the KICA-Cog developed 
for the Aboriginal minority group in Australia, VSID in India and Chula Mental Test (CMT) in Thailand. 
These tests may also not be generalizable to other settings. 
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Few tools were adequately validated with only four identified tests having at least one independent 
validation. Despite well evidenced shortcomings, the most validated test was the MMSE, including 
cultural variations and translations. 
Good or fair quality studies were included in a bivariate random effects diagnostic meta-analysis and 
a hierarchical summary receiver operating characteristic (HSROC) curve constructed. The AUROC 
was 0.937 for community/low prevalence studies, 0.881 for clinic based/higher prevalence studies 
and 0.869 for illiterate populations. For the MMSE and adaptations AUROC was 0.853. 
The overall diagnostic accuracy of cognitive screening tests for dementia in low-literacy settings was 
similar to that reported in reviews of diagnostic accuracy in HICs. Overall, we found the diagnostic 
accuracy of cognitive screening tools to be best in community or population settings compared to 
clinic settings, but there was evidence that this might be due to spectrum bias. No studies of hospital 
inpatients were identified that met our study criteria. Studies including only illiterate individuals 
were of lower quality, and generally had the lowest diagnostic accuracy, but diagnostic accuracy was 
reasonable (DOR 18, AUC 0.869). The worst-performing tests included adaptations of the MMSE. 
The MMSE remains the most widely used dementia screening test worldwide41, and has been used 
for dementia screening in many hospital-based dementia prevalence studies in SSA. The cut-off 
values utilised for the MMSE varied widely. Some studies utilised different cut-off values for 
participants with and without formal education, frequently based on normative data. Varying cut-off 
values in different populations has been criticised for reducing validity and this is also likely to 
reduce generalisability to other populations95. This approach is also likely to lead to considerable 
ceiling effects in those with better cognitive performance.  
As might be expected, diagnostic accuracy of the MMSE was lowest in those with the lowest literacy. 
Performance was similar to that reported in a meta-analysis of 149 studies of the MMSE (combined 
sensitivity of 0.81 and specificity of 0.89)103 but an additional consideration in LMIC settings is 
shortage of specialist clinicians and therefore screening tools with a higher level of accuracy overall 
are needed. 
Few screening tools evaluated in low-literacy settings and included in the systematic review covered 
the majority of core domains. Those that did cover the majority of domains were not the most 
accurate, and many briefer tools focussed on recall only. These might therefore be less useful in 
non-AD dementia 
Overall we concluded that although a large number of screening tools have been evaluated, studies 
of those tools developed for low-literacy settings are generally of poor quality and can generally be 
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considered preliminary.  Few have independent validation in a low-literacy setting, and others used 
a case-control design or internal validation only. Few studies were generalizable to other settings 
and many tools that we might have expected to be validated in a low-literacy group in fact had not.  
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8.2. Functional assessment for dementia diagnosis in LMIC settings 
In order to make a diagnosis of dementia it is necessary to demonstrate functional impairment 
occurring as a consequence of functional impairment. Functional assessment is generally agreed to 
include two main elements; activities of daily living (ADLs) and instrumental (or extended) activities 
of daily living (IADLs).  ADLs are basic self-care activities such as bathing, feeding and dressing 
independently and assessment of these is often useful in identifying care needs and dependence.  
IADLs are more complex activities generally agreed to be affected earlier in cognitive impairment as 
they require more intact neurocognitive abilities to complete.  
Assessment of function can be difficult in LMICs where cultural norms and social roles differ. Existing 
IADL scales developed in HICs are often inappropriate, particularly where multigenerational living is 
common, and older people may not be directly responsible for household tasks measured on 
existing scales.  Performance on other tasks may be restricted by lack of availability or access to 
amenities such as transport, or adherence to traditional gender roles.  These issues in functional 
assessment are well recognised and have been previously thought to be responsible for falsely low 
dementia prevalence rates reported in LMICs, particularly those in SSA. A number of IADL scales 
designed for use in LMIC settings have been devised. These are often highly specific to the location 
in which they were developed, reflecting cultural differences. No scales suitable for use by non-
specialist clinicians in SSA have been published. The only scale developed in SSA is a clinician-rated 
scale based on expert observation and designed to be used in a home-visit context (the Clinician 
Home-based Interview to Assess Function, CHIF). This approach is reasonable in areas where 
specialist clinicians are available, but this is unlikely to be the case across much of sub-Saharan 
Africa, particularly in rural areas.  
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Table 3 Functional assessment scales designed for use in low and middle income countries (LMIC) 
Author, Year Location, 
setting 
Development 
method 
Validation 
sample 
Validation 
method 
Key findings 
Fillenbaum, 
1999 (EASI)104 
Kerala, 
India  low-
literacy 
community  
Community 
discussion with 
elders and health 
workers related to 
usual social roles 
and activities of 
the elderly 
Pilot testing 
100 people, 
initial 
validation 
387 people 
aged 55 
years and 
over; mean 
age 69.5 
years 
Hindi MMSE 
score < 22 
Cronbach's 
alpha =0.82.  
Lower scores in 
females, older 
people, 
illiterate people 
and those with 
lower cognitive 
function 
Hendrie, 2006 
(CHIF)105 
 
Nigeria Expert opinion of 
clinicians.  Also 
took into account 
‘items usually 
included in 
assessments of 
ADL 
Community 
sample of 
295 
DSM 
dementia 
Blessed 
dementia 
scale, 
MMSE. 
AUROC 0.925 
for dementia 
Cronbach's 
alpha 0.83  
Correlated with 
Blessed DS 0.56 
and MMSE 0.44 
Jitapunkl, 
1994 (Chula 
ADL)106 
Thailand, 
community 
sample 
Factor analysis of 
items from the 
Barthel index and 
Office of 
Populations 
Censuses and 
Surveys (OPCS) 
disability score 
703 people 
aged 60 
years and 
over; mean 
age 68 years 
Agreement 
with OPCS 
and Barthel 
Index.  
Aim of scale 
was to measure 
disability 
appropriately 
in local 
population  
Mathuranath, 
2005 (E-
ADL)107 
India 
memory 
clinic 
Development and 
validation of scale 
based on Lawton 
IADL. Input from 
senior citizens 
group and 
clinicians on 
suitable IADL 
Validation on 
240 memory 
clinic 
attendees 
and 135 
controls from 
background 
population 
DSM 
dementia 
AUROC 0.97.  
Sensitivity  
0.91, specificity 
0.99 
 
Senanarong, 
2003 (THAI-
ADL)108 
Thailand, 
community 
and 
specialist 
clinic 
Specialist panel 
discussion 
181 memory 
clinic 
attendees; 
mean age 69 
years 
Agreement 
with Thai 
MMSE FAQ, 
Barthel, 
CDR 
Correlation 
with Thai 
MMSE (r = 
0.69), CDR (r = 
0.81), Barthel 
Index (r = 0.80) 
and FAQ (r = 
0.88) 
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Umayal et al 
2010109 
Sri Lanka, 
nursing 
home 
population  
Validation of a 
modified Blessed 
dementia scale 
and Bristol ADL.  
Scores were 
modified by 
expert/clinician 
opinion 
Nursing 
home 
residents 
aged 65 
years and 
over; mean 
age 73 years 
Dementia 
ICD-10 
criteria by 
consultant 
psychiatrist 
Modified 
Bristol scale: 
AUROC 0.933.  
Sensitivity 
100%, 
specificity 
74.2%. 
Modified 
Blessed scale: 
AUROC 0.892. 
Sensitivity 
100%, 
specificity 71%. 
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Background: In high-income countries with ageing populations, delirium is most prevalent in older adults and in
palliative and intensive care settings. The prevalence and aetiology of delirium are likely to differ in low income
countries, including sub-Saharan Africa (SSA), due to different population demographics, disease burden and
exposure to pathogens. We reviewed published literature relating to the prevalence, clinical features and
underlying causes of delirium in SSA and compare this with that published in high-income countries in order
to identify knowledge and clinical service gaps, and priorities for further research.
Methods: We performed a narrative review by comprehensively searching the following databases: Medline,
PsychInfo, Embase and PubMed. Studies published between January 1 1975 and December 31 2013 in all
languages, including the terms ‘delirium’, ‘acute brain syndrome’, ‘organic brain syndrome’, or ‘acute confusion’
originating from SSA were included. In addition, reference lists of included articles and online databases of
African medical literature were hand-searched. We also included case series and case reports due to paucity of
published studies.
Results:We identifieda total of 46 relevant studies. Deliriumwas themain focus of only one cross-sectional study,
whereasmost included delirium in studies on neuropsychiatric conditions. Only two studies reported prevalence
in older adults. Most studies reported very low (b2%) delirium prevalence, whereas delirium in psychiatric
inpatient and outpatient settings was higher than expected (18.2%–29.9%). Descriptive studies of ‘bouffee
delirante’ from psychiatry settings were often describing delirium. Infection and HIV seropositivity were
common associations of delirium throughout these studies. Therewere no studies of intensive, critical or surgical
care settings or of management strategies.
Conclusions: We currently know very little about the prevalence, presentation and aetiology of delirium in
developing countries. This knowledge gap should be tackled with some urgency, in order to address questions
of screening, diagnosis, prevention and management in this setting.
© 2014 Elsevier B.V. All rights reserved.
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1. Introduction
Delirium is a neuropsychiatric syndrome which is rapidly becoming
a public health priority in high-income countries with ageing popula-
tions [1–3]. An episode of delirium is associated with adverse short
and long term outcomes, including elevated risk of mortality [4–6],
longer term cognitive impairment [7,8], institutionalisation [6] and
increased healthcare costs [9]. These outcomes occur in all age groups
[10], although older people are more affected [6,11]. Timely identifica-
tion is crucial, with mortality increasing by 11% for every 48 h of
ongoing delirium in an older person [12]. Up to two thirds of delirium
cases remain undiagnosed [5], largely due to symptomvariation causing
difficulties for non-specialists [13].
In hospital inpatient studies, delirium is reported in up to 31% of all
medical admissions [5], in two thirds of hospitalised older adults [2]
and in more than half of emergency orthopaedic surgical patients [14],
and those with an acute stroke [15]. In intensive and palliative care
settings, the prevalence is substantially higher (80% [4] and 88% [16],
respectively). In contrast, the community prevalence of delirium has
been estimated at 0.4% in adults aged 55 and younger [17] and 1–2%
in older people [18], whereas the prevalence in children is unclear
with data limited to case reports and small case series [19].
Although described for over 2000 years, delirium still remains
poorly understood [13,20–22]. The delirium ‘brain failure’ is thought
to result from disrupted neurotransmission in a vulnerable individual
following an insult to brain function [3,20,23]. Amongst numerous
insults causing delirium, inflammation and infection are most consis-
tent aetiological factors in all settings [3,21]. The most vulnerable are
those with decreased cognitive reserve, including older people, and
especially those with dementia [2,11].
Dramatic changes in life expectancy have occurred over the past
century largely due to reductions inmortality from an infectious disease
[24]. In high-income countries, those aged 65 and over nowmake up 13–
17.5% of the population in the USA and Europe, respectively. Mortality
from an infectious disease has been superseded by an increasing burden
of a chronic disease [25] so that in high-income countries, cardiovascular
disease, cancer and stroke are now the major causes of mortality and
morbidity [26]. As the population ages, the number of people with
dementia has also increased, with 5.4–6.4% of those aged 65 and over
in Europe and the USA having dementia [27]. These demographic
changes all contribute to a high number of older people vulnerable to
delirium.
In tandemwith this, incidence of infectious disease is again increasing
by 4.8% per annum [24]. Much of this increase is due to food borne and
antibiotic-resistant organisms [24]. Older people are more susceptible
to these infections and have an estimated three fold increased risk of
community acquired pneumonia and twenty fold higher risk of urinary
tract infection [28]. Susceptibility to tuberculosis (TB) and hospital and
institutionally acquired infections is similarly increased [28]. These
higher rates of infection are likely to lead to corresponding increases in
delirium.
In sub-Saharan Africa (SSA), population demographics differ mark-
edly from those in high-income countries. In 1900, life expectancy in
the USA was 47 years, and pneumonia, TB and diarrhoea were the
three most common causes of mortality [24]. This situation is not
dissimilar to that in SSA today,where the current life expectancy projec-
tions are 63 for women and 58 for men [26]. However, by 2030 more
than three quarters of the elderly population worldwide will live in
developing countries [29]. Already there are an estimated 2.1 million
people with dementia in SSA and this will increase by 70–90% by 2030
[30]. Prevalence of non-communicable diseases is also increasing with
a third of deaths now attributed to them [26].
Nevertheless, diarrhoea, lower respiratory tract infection, TB,
malaria and HIV/AIDS remain the most common causes of death in
SSA [26]. The vast majority of those with HIV/AIDS live in SSA and
although life expectancy has increased in all countries of SSA, HIV/
AIDS has resulted in a reversal of demographic transition in some of
the worst affected countries [31]. Tropical diseases, especially that
group of 17 infectious diseases known as the ‘neglected tropical
diseases’ remain prevalent [32]. In addition, increasing urbanisation is
leading to increases in infectious diseases due to poor sanitation,
increased transmission of pathogens and inability of health systems to
keep pace with development [33]. The older population in developing
countries is at increased risk of infection, but is a group about which
surprisingly little is known [34]. It is likely that delirium is also prevalent
in SSA, but presentation and clinical features may differ due to differing
disease burden(s).
We therefore reviewed the published literature relating to the
prevalence, clinical features and underlying causes of delirium in SSA.
We compare the literature findings with that published in high-
income countries and highlight potential knowledge gaps and priorities
for further research and clinical service developments.
2. Methods
This narrative review was based on a comprehensive search that
includedMedline, PsychInfo, Embase and PubMed databases for studies
published between January 1 1975 and December 31 2013. To ensure a
global perspective, articles in English, French, Spanish, German and
Russian were reviewed for potential inclusion. Articles not in English
were translated by S-MP (Spanish and French) and EML (German and
Russian). The key words used in the current search were: ‘delirium’,
‘acute brain syndrome’, ‘organic brain syndrome’, or ‘acute confusion’
(Box 1). All countries and regions of SSA were included as keyword
and title search terms using the United Nations list of countries.
In addition, reference lists of selected articleswere hand searched for
potentially relevant articles. Content lists of African medical journals
including the East African Medical Journal, Tropical Doctor and the
African Journal of Psychiatry were also hand-searched. Due to the
small number of articles retrieved, case reports and case series were
included where deliriumwas amajor focus of the report. All age groups
and healthcare settings were included.
All abstracts were critically reviewed and the full text of relevant
articles was obtained. Where there was doubt regarding relevance,
particularly in cases of differing nomenclature, the full text was also
sought. All abstracts and articles were initially reviewed by S-MP and
in cases of doubt these were reviewed by EBM-L and a consensus
decision reached. Criteria for inclusion were that the article related
directly to prevalence, phenomenology, aetiology, outcome and/or
management of delirium. Articles were excluded if they related
primarily to description of a specific disease where deliriumwas simply
listed as a symptom, without further elaboration. This category
consisted predominantly of case reports of uncommon infectious
diseases where delirium might occur. There was no requirement for
delirium to be diagnosed using standard criteria, provided there was
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sufficient evidence from the text of the article that delirium was being
described. The selection process is detailed below.
3. Results
A total of 46 relevant studies were identified. The risk factors and
data are summarised and listed in accompanying Tables 1–10 (see Fig.
1).
3.1. Geographical location of studies
All the studies came from primarily 3 areas in SSA, two historically
domineered by French and German influence and South Africa, being
the most developed country in the region. It is, therefore not surprising
that the quality of the studies similarly varies between these 3 regions
(Fig. 2).
3.2. Diagnostic criteria utilised in studies
Most studies did not use formalised criteria and assessment tools for
delirium. TheDSM-IV criteria for deliriumwere used in only four studies
[35–38] although one other retrospectively applied DSM-III criteria for
‘organic brain syndrome’ to case notes [39]. ICD-9 and -10 criteria
were somewhat more widely used [40–45], but only one study applied
a formal screening tool such as the Confusion Assessment Method
(CAM) [46]. Of those studies using formal criteria, only four are based
on clinical interviews [37,41,43,45], with most retrospectively applying
criteria to case notes.
Of the remainder, delirium diagnoses are based on clinical expertise
and include a variety of different terms for delirium. Some record
delirium as a clinical diagnosis [47–49]. Other terms include ‘syndrome
confusionnel’ [50], ‘organic brain syndrome’ [39], ‘acute confusional
state’ [51], ‘toxic encephalopathy’ [52], ‘organic psychotic disorder’
[53], ‘acute delirious episode’ [54] and ‘typhoid psychosis’ [55]. Despite
the wide variety of terms, where symptomatology is recorded it is
consistent with delirium. This is similar to the situation in high-
income countries, where a wide range of terms for delirium (e.g. acute
mental status change, confusional status, encephalopathy, postopera-
tive psychosis, acute organic syndrome, and septic encephalopathy)
continues to be in use resulting in difficulties [22]. More recent studies
from high income countries indicate increasing agreement on use of
the term delirium and the use of standardised criteria and assessment
methods.
In SSA, an important issue remains around the use of the terms
‘acute delusion psychosis’ and ‘acute delirious episode’ in some studies
[54,56]. These are referred to from the point of view of psychiatry and
relate to episodes of short lived psychosis from the French school of
psychiatry termed as the ‘bouffee delirante’ [57]. The bouffee delirante
is most closely related to the ICD-10 classification of F23 acute and
transient psychotic episode [57]. The description is typically of an
acute onset of psychosis in a young person associatedwith polymorphic
presentation, which has a good outcome. Both studies on bouffee
delirante type of psychotic episode describe a selection of patients
presenting with predominantly visual hallucinations alongside distur-
bance of consciousness, poor sleep, periods of lucidity throughout the
day and mood disturbance [56,58]. A number presented following
surgical procedures or following diagnoses of HIV infection. Since the
majority of patients in these series were not tested for the presence of
infectious disease, we would argue that it is probable that at least a
proportion of these patients were in fact experiencing delirium from
which they recovered.
3.3. Healthcare settings
In contrast to high-income countries, the majority of the reviewed
studies originate from psychiatric services: a total of twelve inpatient
and two outpatient psychiatric studies. In addition, most case reports
and series relate to individuals wrongly referred or treated for a psychi-
atric disorder when they in fact had delirium, usually due to an infective
cause [38,59–61].
Perhaps surprisingly, a high proportion of studies involve children
[37,44,55,62–64]. Of those studies undertaken in medical inpatient
settings, only one specifically studied patients over the age of 60 [41].
This reflects the demographic composition of SSA where currently
only 4.6% of the population are aged 65 and over [29]. Two studies
originate in infectious diseases departments [50,65] and one in a pallia-
tive care setting [49], but there are no studies of surgical or critical care
patients. Miscellaneous studies include two on forensic patients; one
describing those referred for psychiatric opinion by police in South
Africa [47] and another a retrospective description of court report
assessments [66], highlighting an unusual finding of three of twelve
accused of murder or attempted murder having delirium [66].
Table 1
Most frequent causes of delirium in SSA.a
Disorder Findings Delirium
prevalence
HIV
HIV positive admissions with psychiatric disorder [50] 30.1%
HIV positive mineworkers [87] 13%
40% HIV positive amongst psychiatric admissions with
delirium (overall prevalence of delirium 3.7%)
3.7%
Typhoid fever
Typhoid fever 136 cases [42] 14%
Typhoid fever 50 cases [88] ≤8.4%
‘Typhoid psychosis’: 17 cases from a total of 414 children
assessed by neuropsychiatric service over a four year
period in Nigeria [55]
4.1%
Malaria
Cerebral malaria in 129 consecutive cases in Senegal [65] 10.7%
Other causes
Liver cirrhosis [43] 12.9%
Infectious endocarditis (IE) [52] (toxic encephalopathy) 12.5%
Chronic obstructive pulmonary disease (COPD) [89] 3.3%
Polypharmacy in the elderly, based on a small audit [90]
(7 of 9 with delirium from 100 admissions)
7%
Ingestion of an anticholinergic drug [91] (4 cases) NA
a Data from inpatient studies included.
Box 1
Search strategy terms.
Search strategy
1. exp Delirium/or delirium.mp.
2. Confusion/or acute confusion.mp.
3. organic brain syndrome.mp.
4. acute brain syndrome.mp.
5. acute brain syndrome.mp. [mp = ti, ab, ot, nm, hw, kf, px, rx,
ui, an, sh, tn, dm, mf, dv, kw, tc, id, tm]
6. 1 or 2 or 3 or 4 or 5
7. delirium.m_titl.
8. 1 or 6 or 7
9-94 all countries in SSA searched separately by .ti and .mp
95 9-94 or
96. Africa, Western/or South Africa/or Africa, Eastern/or
africa.mp. or “Africa South of the Sahara”/or Africa, Central/or
Africa/or Africa, Southern/
97. 95 or 96
98. 8 and 97
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3.4. Cross sectional studies
Cross sectional studies report prevalence of delirium amongst refer-
rals to psychiatric services, including inpatient wards [35], outpatient
psychiatric clinics [46] and consultation liaison psychiatry [37,44,45].
Of the few medical inpatient studies, prevalence appears remarkably
low (b2%) [51], and this is evident even in better designed studies,
including the only one conducted on older inpatients (N60 year) [41].
In the latter study, delirium prevalence, based on the ICD-10 criteria,
was 9.4%. An overwhelming lack of expertise in diagnosing delirium
was evident in this study with only one of out of the 10 people with
delirium being appropriately diagnosed by a physician [41]. The only
Table 3
Studies in inpatient and outpatients.
Author and year Location Type of study Study population Definition or
description of
delirium
Aetiology Outcome/results
Ukwaja, 2010 [38] Nigeria, rural
health centre.
Case report 12 year old girl presenting
with delirium and depression
symptoms
DSM-IV Typhoid fever Initially treated for depression,
full recovery when typhoid
diagnosed.
Perret, 2000 [104] Senegal, urban Case series Four destitute French
expatriates, two with delirium.
Clinical symptom Meningoencephalitis,
cerebral malaria,
delirium tremens
Two of the four presented with
delirium. Malnutrition and
destitution appeared
contributory.
Thiam, 2000 [60] Dakar, Senegal Case report 20 year old man with mental
confusion, no previous
psychiatric history.
Mental confusion Pulmonary TB Cause of confusion was
tuberculosis (TB)
Djibo, 2000 [91] Niger Case report Four adolescent cases in Niger. Clinical symptom Intoxication with
DATURA plant
Adolescents presenting with
agitated delirium alongside
symptoms similar to atropine
intoxication
Cisse, 2008 [105] Guinea Case series 13 consecutive Wernicke's
encephalopathy in refugee
camp.
Confusion Wernicke's
encephalopathy
11 of 13 had ‘confusion’ as part
of the syndrome.
Thiam,2002 [59] Dakar, Senegal Case series Four patients presenting to
psychiatric department 1998
to 1999. Age 13 to 22
Delirium syndrome Cerebral malaria All four were found to have
falciparum malaria with high
parasite load and improved on
treatment. No psychiatric
relapse at one year.
Avode, 1994 [106]. Benin Case report Adult patient with confusional
syndrome, epilepsy and
myositis.
Confusional
syndrome
Diffuse cysticercosis. Treated successfully with
praziquantel and
corticosteroids
Kyebambe, 2010 [107] Uganda Case report 40 year old woman with
weakness, delirium, aphasia
and epilepsy
Clinical symptom Neurosyphilis Improved on treatment
Acosta-Rabassa, 1985 [108] Guinea-Bissau Case series 6 patients with acute ‘psychotic
delirious reaction’ in the
context of physical illness
Clinical ‘psychotic
delirious reaction’
Not stated Conclude that despite physical
illness the cause was in fact
psychological
De Wet, 1980 [61] South Africa Case series 2 cases of rabies presenting
with delirium.
Clinical symptom Rabies Both were initial thought to
have a psychiatric problem.
Table 2
Aetiology of delirium in HIC and SSA.
Categories High income countries (HIC) SSA p-Value
Community prevalence of delirium
Community prevalence of delirium 0.5%–2 [17] NA
Hospital prevalence of delirium
Older people (N65 years) 14–56% [92,93] 9.4% [40] b0.0001
Adults (17–64 years) 9.9% [94] 29.9% [44] b0.0001
Children and adolescence 8.18% [95] 15% [43]–26% [36] b0.0001
Most common causes of delirium
Critical illness/intensive care 86% [4] NA
Palliative care 88% [16] 15% [48] b0.0001
Orthopaedic surgery N50% [14] NA
Acute stroke N48% [15,96] NA
Dementia 41% [97] NA
Urinary tract infection 35% [98] NA
HIV 46% [99] 3.7–30.1% [49] 0.0289
Infection in older people 43% [100] NA
Pulmonary diseases 21.2% [101] 3.35% [65] b0.0001
Malaria 83.3% [102] 5/6 cases 10.7 [64] b0.0001
Typhoid fever NA 14% [42]–15.5% [41]
Liver diseases 2.1% 12.9% [42] 0.0073
Heart diseases 8.4% [103] 12.5% [51] 0.0035
Polypharmacy 50% 7% [66] b0.0001
Abbreviations: NA, not available; SSA, sub-Saharan Africa.
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study of palliative care patients reported a prevalence of delirium of
only 15%, in contrast to other arms of the same study from high-
income countries that reported higher delirium rates of 30–60% [49].
Psychiatry inpatient and outpatient studies are more numerous. In
adults, deliriumprevalence appears strikingly high but variable, ranging
from b1% [36] up to 29.9% [45]. However, when clinical interviews and
listings of some form of formalised diagnostic criteria or screening
method is used, the, prevalence is somewhat higher, e.g. ranging
between 18.2% and 29.9% [45,46], with the exception of one study [35].
In all the analysed studies, differing assessment methods were used,
making comparisons difficult. Furthermore, some studies were per-
formed retrospectively (e.g. case note reviews) and not surprisingly
report lower prevalence. Nevertheless, these rates are much higher
than expected for the adult population and suggest a high rate of
inappropriate referrals to psychiatry.
Prevalence in children and adolescents in psychiatric outpatient and
inpatient facilities is similarly high (7.4% to 23%) [44,62,63]. Delirium is
reported in 15%–18% of children [37,44] and 25–32% of adults [67,68]
referred to liaison psychiatry, with a low overall referral rate being
noted [68].
3.5. Aetiology
Whilst a number of studies were carried out in selected patient
groups, the majority of these did not attempt to causally link the
presence of delirium to the presenting physical illness. For the most
part, possible aetiologies were simply listed, and no attempt was
made to control for other potential causes such as ingestion of psycho-
active substances or alcohol. In the majority of studies, patients were
not tested for HIV (Table 1).
Of those cross sectional studies which address aetiology, one outpa-
tient psychiatry study reported that 52.1% of those with delirium had
infections; the majority had gastrointestinal infections with a smaller
proportion (6.9%) having cerebral malaria [46]. Over a third of patients
had an undiagnosed physical illness that might have contributed to the
delirium. A large prospective neurological study from Tanzania, that did
not include HIV testing, found non-infectious causes to be predominant
in thosewith ‘acute confusion’, whereas only 13.8%had cerebralmalaria
[51]. Interestingly, a small prospective series of child and adolescent
referrals to liaison psychiatry in a tertiary centre in SouthAfrica reported
a very different aetiological contribution to delirium. In this study, a
variety of causes including severe burns, sepsis and multi-organ failure
were associated with delirium [37], and not only infectious diseases as
in previous studies.
3.6. Mortality and outcome
The majority of studies do not report information on mortality rates
post delirium. A retrospective case note review of deaths in a Nigerian
psychiatric hospital over a ten year period found that 34.8% met
DSM-III delirium criteria for acute brain syndrome before death. In
this study, over 20% of cases were not recognised as having delirium by
referring general physicians [39]. Although this report is now 25 years
old and we would expect practices to have changed considerably, a
more recent study argues that medical practice has not changed overtly,
with one third of psychiatric admissions having physical illness of which
7.8% had delirium. Over two thirds of physical illness, most of which
were infections were not notified by the admitting physicians [69].
Of those prevalence studies reporting in-hospitalmortality, rates are
variable but remain high. Amortality rate of 26%was recorded in a small
case series of children referred to liaison psychiatry [37]. A larger case
series of cerebral malaria noted a case fatality rate of 20.2% of whom
10.7% had presented with confusion [65]. Mortality was 60.4% in 202
patients with ‘altered states of consciousness’ in Ethiopia, but the pro-
portion of these meeting criteria for deliriumwas not clear [70]. Finally,
in a HIV positive cohort with psychiatric symptoms, 30.1% of the cohort
of 166 met criteria for delirium [50]. Mortality for the entire cohort was
56%, but the mortality of those with delirium was not recorded. Since
these studies only record in-hospital mortality, overall mortality may
be even higher. Infectious diseases are still themajor causes ofmortality
Table 9
Studies of older adults (60 and over).
Author and year Location Type of study Study population Definition or
description of
delirium
Aetiology Outcome/results
Uwakwe, 2000 [41] Nigeria, teaching
hospital.
Prospective
observational
study
All patients aged over 60 years
admitted to non-psychiatric
wards. 119 total.
ICD-10. Not stated Prevalence of delirium was 9.4%.
Attending physicians identified
only one of ten delirium cases.
Verrier-Jones, 1978
[90]
South Africa,
psychogeriatric
unit
Cross sectional,
prospective
First 100 consecutive admissions
to a specialised p unit. Mean age
70.3 years. All but 3 over 60
Clinical diagnosis
‘confusional state’
Polypharmacy
was the cause
in 7/9
9 from 100 had delirium—those
with dementia not included.
Table 8
Neurology studies.
Author and year Location Type of study Study population Definition or description of
delirium
Aetiology Outcome/results
Winkler, 2011 [51] Northern
Tanzania, rural
hospital
Prospective study
cross sectional
All patients presenting
with a neurological or
psychiatric disorder.
Age 1 to 97 mean 38.
Clinical assessment by
neurologist. Acute
confusion diagnosed
clinically. GCS for conscious
level.
HIV testing not possible. Of
acute confusional state (ACS)
25% undiagnosed, 13.8% non-
infectious encephalopathy,
6.9% cerebral malaria.
Of 8676 admissions 18.3
per 1000 acute confusional
state (ACS) and 51.5 per
1000 impairment of
consciousness (IOC). In
both groups, non-
infectious causes
predominated.
Melka, 1997 [70] North west
Ethiopia, teach-
ing hospital.
Prospective study 202 patients with
altered states of
consciousness
admitted to medical
wards between
January 1994 and
December 1995.
Altered state of
consciousness was defined
as confusion, stupor and
coma. Aetiology defined by
history, clinical
examination, and
laboratory tests.
Infection 55%, metabolic
disorders 22.3%, structural
lesions 14.9% and poisoning
3.5%, cause unknown in 4.5%.
Of infectious causes cerebral
malaria most common then
meningitis and encephalitis.
Mortality rate in hospital
60.4%. Overall prevalence
amongst admissions not
stated.
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in SSA, and 70% of deaths from HIV/AIDS occur in Africa. The evidence
presented here suggests that a substantial proportion of these may
present with delirium.
4. Discussion
Our systematic review highlights the currently limited knowledge of
prevalence, aetiology, clinical presentation and outcome of delirium in
SSA. The analysis included an extensive literature search and many
articles not referenced in standardmedical indexes. Despite this, delirium
was not the focus in many of these publications. The majority of cross
sectional studies were of all psychiatric, neuropsychiatric and/or neuro-
logical presentations in which delirium was listed as a diagnosis.
Furthermore, terminology differed markedly and a number of delirium
synonyms were used making comparisons difficult. Only a few studies
used standard criteria for delirium and only one reported delirium
subtypes. In addition,most studieswere small. A substantial proportion
of them were retrospective case note reviews or clinical audits, which
provide less robust evidence. A further limitation is that descriptions
of symptoms and presentations are generally limited to case reports
and small case series.
The limited data on aetiology suggests that infectious aetiology is
common, in particular HIV/AIDS, malaria and typhoid fever (Table 2).
The prevalence in children is relatively high and rates of referral to
psychiatric services appear similar to those in adults. Nevertheless, in
high-income countries, published evidence on delirium on children is
limited and largely based on case series and case reports. A greater
knowledge base of delirium in childhood may in fact exist in SSA [37].
Wherewe have themost information is on prevalence. This suggests
that delirium is lower than expected in hospital inpatients, but consid-
erably higher in psychiatric populationswith high rates of inappropriate
psychiatric referral. This is supported by those studies on acute non-
Fig. 1. Selection strategy for articles for the review.
Table 10
Miscellaneous studies.
Author and year Location Type of study Study population Definition or
description of delirium
Aetiology Outcome/results
Jonsson, 2013 [47] South Africa,
police referrals
to hospital
Retrospective case
note review
718 individuals referred for
psychiatric assessment by police
under the mental health act over a
6 month period
Clinical diagnosis Not
states
Delirium listed as admission
diagnosis in 2.1%. More likely to be
transferred to medical hospital.
Mbassa, 2009 [66] Cameroon,
court reports
Retrospective
review of forensic
court reports.
12 offenders assessed for the purpose
of court reports following murder or
attempted murder. 8 men and 4
women, age 17 to 43 mean 18.
ICD-10 criteria Not
given
Of 12 offenders, 3 or 25% were
diagnosed with chronic delirium, 41.7%
or 5 cases with schizophrenia and 1
patient 8.3% with personality disorder.
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affective psychosiswritten froma psychiatry perspective butwhich nev-
ertheless appear to be describing delirium in at least some of the cases.
It is recognised that there are currently severe scarcity of neurolo-
gists, psychiatrists and geriatricians across SSA [71,72]. For psychiatrists,
there are currently two hundred times fewer per head of population in
SSA compared to those working in high-income countries [73]. The
majority of studies in this review where delirium was diagnosed using
formal criteria took place in teaching hospitals in Nigeria where psychi-
atrically trained doctors were available. It is likely that the distinction
between psychosis and deliriumwill be difficult in most settings across
SSA if trainedmedical personnel are not available. In high-income coun-
tries, reports suggest that more than two thirds of delirium cases are
missed by physicians [74], and our review suggests that a high number
of cases are similarly missed in SSA. The high prevalence of delirium
seen inappropriately in psychiatric settings, alongside the highmortality
from our limited data, suggests that education and training of non-
specialist staff on recognition of delirium are priorities which could
significantly reduce mortality. This task shifting approach to scaling up
services through non specialist staff is recommended by the World
Health Organisation [75].
It is also unclear whether the low prevalence observed in medical
patients reflects a real difference, failure of diagnosis or failure to present
to medical services. A number of reviewed case studies noted that
patients had sought traditional medical care prior to attending conven-
tional medical services [63]. Those with psychiatric disorders are partic-
ularly likely to attend traditional healers in SSA [76,77] and thereforewe
do not know what proportion of individuals presented too late or not
at all. This raises the issue whether deliriummay not bemore prevalent
in the community, if not recognised, or not registered by medical
professionals.
In the current review, no studies of patients with dementia and
delirium were identified, despite those with dementia being at high
risk of delirium in high income countries [74]. Dementia was previously
considered uncommon in SSA, but recent studies report a similar rate
(6.4–8.1%) to those in the US and Europe [78,79]. With demographic
transition the number of people with dementia is predicted to rise
rapidly alongside the growing elderly population. Studies of delirium
in this group are therefore needed. Furthermore, of the 20 million
HIV positive individuals estimated to live in SSA, around 40% have
neurocognitive impairment [80], resulting in a younger cohort of
individuals who may be vulnerable to delirium. Furthermore, HIV posi-
tive men tend to be treated more readily than women [81,82] and they
can expect to live longer, thus being at risk to develop HIV-related
encephalopathy with ageing. This is the realm with few reports, and
the information from these cohorts would be of an enormous boost
for planning future health resources.
In general, little is known about cognitive impairment post delirium.
However, deterioration in cognitive performance in adults [83] and
school performance and behaviour in children [84,85] followingmalaria
is well documented. Since delirium appears to be more common in
childhood, young adulthood and in adults in SSA compared to high-
income countries (Table 2) this is a priority for further research that
will also help understand the mechanisms of cognitive dysfunction
post-delirium. In fact, the mechanisms of delirium manifest in various
disorders need to be explored at large even in HIC [86].
5. Conclusions
We currently know little about the prevalence, presentation
and aetiology of delirium associated with various conditions in sub-
Saharan Africa. This paucity in knowledge needs to be addressed with
some urgency, to provide guidelines regarding screening, diagnosis,
prevention and management in this setting. This is also likely to benefit
clinicians in high-income countries where a significant population of
HIV positive individuals exists. Psychiatrists and physicians currently
working in high-income countries are less likely to be familiar with
neuropsychiatric presentations of HIV, leading to the possibility of
misdiagnosis or failure to consider HIV as a possibility. Transfer of
knowledge and experience from colleagues working in SSA is therefore
likely to be ofmuch benefit. Furthermore, due to globalisation, increasing
travel and ethnic diversity, rates of presentation with more unusual
psychiatric presentations as a result of infectious disease are likely to
Fig. 2.Mapof Africa to show location of studies in delirium. Shaded (blue) countries showwhere at least oneprevalence study or auditwas conducted. Dots (yellow) show countrieswhere
there was at least one case report or small case series.
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rise. These patients may be misdiagnosed with psychosis and deprived
of timely treatment and management. Tackling delirium in different
cultures aswell as in less common infectious diseases is likely to directly
benefit our practice.
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9. Commentary on Background Paper 2 
Delirium is an acute onset syndrome of cognitive dysfunction presenting with deficits in attention, 
arousal and global cognition110. In high-income countries (HICs), the syndrome is highly prevalent in 
older hospitalised adults111. Well-evidenced adverse outcomes include cognitive decline111-114, 
disability115, 116and increased mortality rates112, 115. Prompt interventions can improve outcome117, 
but delirium is under-diagnosed, and may be missed in up to half of cases27, 118. Identification of 
delirium is most difficult amongst those at the greatest risk: older adults and those with pre-existing 
cognitive impairment. Use of validated screening and diagnostic measures improve detection rates 
of delirium118, 119. Routine cognitive screening is therefore recommended for older hospitalised 
adults in HIC countries120.  Delirium and dementia can be difficult to differentiate particularly in 
acute hospital settings.  
We conducted a comprehensive narrative review of delirium prevalence and risk factors in SSA in all 
languages (background paper 1)121. Existing data were very limited, and a significant proportion of 
studies consisted of case reports and small case series. Very few studies used standard diagnostic or 
assessment criteria such as the DSM or the CAM, and in the remainder, a wide range of terminology 
or synonyms for delirium were employed. A substantial number relied on retrospective case note 
review rather than clinical assessment. A large proportion of studies took place in inpatient, 
outpatient and liaison psychiatry settings and demonstrated significant rates of misdiagnosis of 
delirium as psychiatric disorder and inappropriate referral to psychiatric services. The most 
substantial evidence appeared to come from paediatric populations, and only two studies of older 
adults were discovered, one of which took place in a psychogeriatric unit using retrospective case 
note review, and one in a hospital setting using clinical criteria. Prevalence in these studies was 9 
and 9.6% respectively40, and a large diagnostic gap was noted with only one case of hospital delirium 
identified by the treating medical team.  
It was notable that our review did not uncover any validation studies of assessment tools for 
delirium in SSA, and it was hypothesised that absence of appropriate screening tools may contribute 
to the potentially large diagnostic gap in delirium, especially in older adults.  
The overall outcome of our review was that almost no data on delirium in older adults in SSA exist 
and no screening or diagnostic tools had been validated. The large number of apparent 
inappropriate referrals to psychiatric services and overall poor outcomes suggested that validated 
screening tools were urgently needed. This was the reason for investigation of screening and 
diagnostic methods for delirium as part of this presented work. If non-specialist health workers are 
to identify dementia through cognitive screening, the ability to identify delirium is crucial in order to 
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ensure the safety of individuals with delirium through appropriate referral and urgent investigation. 
Therefore any screening method developed must consider delirium identification. 
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10. Summary and statement of problem 
In summary, the available evidence suggests that brief screening tools for dementia are currently 
lacking in SSA. Human resource shortages and the need for a task-shifting approach for dementia 
assessment indicate that a brief and accurate screening tool is needed which is suitable for non-
specialists to use in routine care.  
The available data on cognitive neurodevelopment and psychometric assessment in illiterate 
individuals suggests that real cognitive differences exist between literate and illiterate individuals. 
Although performance differences are present in most cognitive domains, certain tests appear to be 
less affected by literacy or previous school attendance and these tests could be considered to be the 
most ‘culture fair’ in low-literacy settings. These include categorical verbal fluency, orientation and 
delayed recall.  
Importantly, since problem solving and other practical assessments appear unaffected by literacy, it 
is likely that functional assessment will be useful in differentiating those with poor or borderline 
cognitive performance due to illiteracy and those with dementia in this setting 
The need to screen for all dementia subtypes would suggest that a test focussed on orientation and 
recall will be inadequate at screening for dementia in this setting.  
Delirium is important to identify alongside dementia as it needs prompt intervention and diagnosis 
can improve overall outcome. No delirium screening or assessment tools have been validated in 
Africa to date and these are urgently needed. 
Existing screening tools designed for low-literacy settings have been inadequately validated, and 
most validation studies have utilised the MMSE in low-literacy settings despite well evidenced 
shortcomings of this approach.  
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11. Context – The IDEA study 
The work submitted for this doctoral thesis was completed as part of the identification and 
Interventions for Dementia in Elderly Africans (IDEA) study. The IDEA study was a three year 
collaboration between Newcastle University and Northumbria Healthcare NHS Foundation Trust 
(NHCFT) in the UK, the University of Ibadan in Nigeria, and Kilimanjaro Christian Medical College 
(KCMCo), in Tanzania. I was the research doctor for the Tanzanian site from June 2013 to June 2016. 
The overall aims of the project were as follows: 1) to develop and validate a brief cognitive 
assessment for dementia suitable for use by non-specialist health workers in SSA, and 2) to develop 
and trial an adaptation of cognitive stimulation therapy (CST), a  group based non-pharmacological 
intervention for dementia, for use in this setting. The focus of this thesis is on the first of these two 
project outcomes.  
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12. Setting 
12.1. Hai demographic surveillance site (DSS) Tanzania 
This work took place in the Kilimanjaro region of Northern Tanzania. Tanzania is a low-income 
country with an average per capita income of $930. The literacy rate in 2010 was 73%. Life 
expectancy is 61 years at birth and 5% of the population are aged 65 or over.  
The community-based work described here took place in the Hai district, a rural area on the slopes 
of Mount Kilimanjaro. The majority of the population are subsistence farmers, although some 
families cultivate cash crops such as coffee and tomatoes. The official language is Swahili, but most 
also speak a tribal language at home. A significant minority of older women may only speak a tribal 
language. Most health professionals speak some English because degree-level courses are now 
taught in English.  
Hai has been a demographic surveillance site (DSS) since 1992, and regular population censuses have 
been carried out over the past 20 years. The population of the DSS was 161,119 in 2009, with a 
further census planned for 2017.Hai is a well demarcated area with natural boundaries and little 
migration in and out of the area occurs. Villages in Hai, and elsewhere in rural Tanzania, are highly 
organised. Households are grouped into ten-household cells with an elected representative called a 
balozi. The balozi is expected to answer to the village committee on matters related to their 10-
household cell, holds office for 5 year terms and is generally a well-known individual in the village. 
This organisational system ensures that censuses and epidemiological work can be carried out, as 
the name of the balozi is used to locate households and subsequently individuals in the same way as 
a postcode might be used in Europe. Each village has one or two enumerators, elected by the village 
committee with a role in health surveillance and public health measures. The village enumerators 
are experienced in carrying out epidemiological work, and this system has resulted in successful 
epidemiological studies of stroke, epilepsy, Parkinson’s disease, neurological disorders, atrial 
fibrillation and dementia.  
Figure 5 and Figure 6 show the location and setting of Hai in Tanzania. 
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Figure 5 Location of the Hai district 
 
 
Figure 6 The Hai district 
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12.2. Hospital settings 
12.2.1. Mawenzi Regional Referral Hospital 
Mawenzi Regional Referral Hospital (MRRH) (see Figure 7) is a government hospital in Moshi, 
Kilimanjaro with 200 beds and two inpatient medical wards. Over 300 outpatient appointments take 
place per day. The hospital serves an urban and rural population of over 100000 people. Patients 
requiring more specialist services are referred to the local tertiary referral hospital. In line with 
current Government policy, MRRH has a geriatric medicine clinic which is intended to be free of 
charge for all individuals able to demonstrate their age to be 60 and over. The usual method of age 
verification is a letter from the village chairperson.  
 
Figure 7. Screening at Mawenzi Regional Referral Hospital 
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12.2.2. Kilimanjaro Christian Medical Centre 
Kilimanjaro Christian Medical Centre (KCMC) (see Figure 8) is an 800 bedded tertiary referral hospital 
in Moshi, Kilimanjaro which serves a predominantly rural population of over eight million people 
over an area of more than 170,000km2. The hospital is funded through a partnership between 
central government and a charitable foundation, with treatments funded through both national 
health insurance and user-payments. This study took place in the 107-bedded internal medicine 
department including two inpatient medical wards, a high dependency unit and small private ward. 
In 2014 16.1% of 4590 total admissions to the department were aged 60 and over. In-hospital 
mortality in this age group is estimated at 25.1% and hospital stay is typically short (median 5 days) 
in survivors.  
 
Figure 8. Kilimanjaro Christian Medical Centre (KCMC) 
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12.3. Ethical approval 
Ethical approval for the studies described was obtained from both the Kilimanjaro Christian Medical 
Centre (KCMC) local ethical committee and the National Institute of Medical Research (NIMR) in Dar-
es-Salaam, Tanzania. Consent was also obtained from the managerial boards of the hospitals 
included in the study and oral presentations describing the project were delivered to clinical staff of 
the participating hospitals prior to commencing the project to ensure that all were properly 
informed of the nature and purpose of the study. Likewise consent was obtained from the district 
medical officer (DMO) for the Hai district and permission granted for local primary health care 
workers to assist with the project.  
All studies followed a similar informed consent procedure. All participants were given oral and 
written information about the project by a trained research nurse or medical officer. Since these 
studies included significant numbers of people with cognitive impairment, those deemed not to 
have capacity to consent by the assessing health worker were allowed to take part if written assent 
was obtained from a close relative. For those unable to write, consent was recorded using a 
thumbprint.  
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13. Preliminary work informing this study (supplementary papers 1, 2, 3 and 
4) 
13.1. Hai dementia prevalence study, 2010 
Difficulties of cognitive screening for dementia in rural Tanzania, consideration of different diagnostic 
criteria in this setting, and effect of education. 
The Hai dementia prevalence study was a two stage door-to-door community-based prevalence 
study of individuals aged 70 and over from 6 villages randomly selected within the Hai district. The 
age-adjusted dementia prevalence by DSM-IV clinical criteria was 6.4. The assessment method 
followed the 10/66 international collaboration protocol, developed to be culture-fair and previously 
used to estimate dementia prevalence across a number of LMIC settings as described in section 2.2 
‘Diagnosis and screening for dementia in LMIC settings’ above. A total of 1198 participants aged 70 
and over from a total of 1277 identified using census data, were screened using the CSI-D. As 
described above, the CSI-D was developed as a research tool for epidemiological studies and consists 
of a cognitive screen developed for use in cross-cultural settings (COGSCORE), and an informant 
interview (RELSCORE).The CSI-D was administered by trained primary health care research workers, 
in participants own homes. Scores are entered into an algorithm and result in stratification into 
‘probable dementia’, ‘possible dementia’ and ‘no dementia’ categories. All those with high 
probability, 50% of those with intermediate probability ‘possible dementia’ and 5% of those with low 
probability ‘no dementia’ underwent second stage clinical assessment based on the 10/66 protocol. 
A total of 296 individuals were assessed in the second stage. This structured assessment included 
the geriatric Mental State (GMS), a neurological examination, the Neuropsychiatric Inventory (NPI), a 
detailed informant history for dementia subtype, caregiver burden questionnaire (Zarit caregiver 
burden questionnaire) and detailed risk factor questionnaire. Second stage assessment was 
completed by a research doctor assisted by a trained study nurse. In addition to the 10/66 protocol, 
designed for use by non-medically qualified graduates, additional history and examination took 
place where required in order to clarify diagnosis by DSM-IV clinical criteria.  
The overall educational level in this cohort was strikingly low, with over two thirds of older women 
having never attended school. Of 668 females, only 44 (6.8%) had more than 4 years of education, 
205 (30.7%) had 4 years or less, with 419 (62.7%) having had no education at all. Educational level 
was generally higher in males with 96 (18.5%) reporting more than 4 years of education, 256 (49.4%) 
had 4 years of education or less and 166 (32.0%) having had no education at all. Females were 3.56 
times (95% CI 2.80-4.55) more likely to have had no education than males. 
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Although designed for use in cross-cultural LMIC settings, results in Hai indicated educational bias in 
the 10/66 algorithm-based diagnosis, compared with clinically diagnosed DSM-IV dementia (see 
Table 4).  
Any previously formal education was found to have a significant association with cognitive 
performance on the CSI-D and with 10/66 algorithm-based dementia diagnosis but not with DSM-IV 
dementia diagnosis based on clinical history and examination. Education and literacy were also 
independently associated with CSI-D COGSCORE and ‘probable dementia’ by CSI-D in males, but not 
in females fully assessed in phase two of the study. The lack of association in women was attributed 
to a lack of statistical power due to the lower level of schooling amongst female participants (see 
Table 6). 
We concluded that since comprehensive clinical interviews and informant histories had been used to 
make diagnoses of dementia by DSM-IV criteria with doctors and locally experienced clinical staff, 
these diagnoses were likely to be correct. The reported prevalence by 10/66 criteria of over 20% of 
individuals having dementia simply did not reflect the functional ability of older people in the Hai 
district seen clinically by the research team and by health workers familiar with the local area. The 
10/66 protocol were designed for LMIC settings, but most published study sites included individuals 
with markedly higher levels of education than those seen in our rural SSA study. Although the 10/66 
collaboration included at least one study site in SSA, data have been published for cognitive 
impairment rather than dementia so cannot be compared to our findings in Tanzania. 
Considering known literature on cognitive performance in illiterate and low-literate people, outlined 
in section 2.4 above, the CSI-D includes a number of items which are likely to be educationally 
biased. The 10/66 protocol attempts to compensate this by weighting the informant interview, but a 
number of SSA prevalence studies have used the cognitive scale of the CSI-D alone for dementia 
screening, dementia diagnosis and prevalence estimates of cognitive impairment. In these studies, 
CSI-D COGSCORE totals of 28/33 and 25.5/33 have been used as indicative of cognitive impairment 
or dementia respectively. This approach is less likely to be valid, especially in low-literacy settings 
and in these studies illiteracy rates are broadly similar to those in Hai ranging from 40-96%.  
In Hai, overall cognitive performance on the CSI-D COGSCORE was poor, with median COGSCORE 
totals of only 25.7 for women and 27.7 for men. These scores are similar to the cut-off scores for 
cognitive impairment used in prevalence studies in SSA and other LMIC settings.  
In the original cross-cultural validation of the CSI-D across high and low literacy settings, mean 
COGSCORES for those who did not have dementia ranged from 28-30 with the exception of a cohort 
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in Nigeria who had similar educational levels to our cohort in Hai. In this cohort, mean COGSCORES 
were 25.42, similar to median scores in older women in Hai (25.7%). 
In conclusion, in rural SSA, the best-validated existing dementia screening tools are significantly 
educationally biased and cognitive assessment tools designed for use in this low literacy setting are 
needed to inform research studies and clinical practice.  In addition to the educational bias noted, 
the CSI-D is lengthy, and was designed primarily as a research tool for epidemiological studies. The 
algorithm-based risk stratification yielded by the combination with the informant interview is 
unlikely to be useful to non-specialist clinicians working with older people in rural SSA and a 
different approach is needed.  
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Table 4. Comparison of dementia diagnosis by 10/66 dementia collaboration criteria (designed to be 
culture-fair in LMIC settings) and DSM-IV clinical criteria based on detailed structured clinical 
interview and informant history by research doctor (supplementary paper 3) 
 
 Prevalence of 10/66 and clinically diagnosed DSM-IV dementia 
  
Cases within 
168 people 
with ‘probable 
dementia’ 
Cases within 56 
people with ‘possible 
dementia’ 
Cases within 72 
people with ‘no 
dementia’ 
Extrapolated 
dementia prevalence 
(%) 
10/66 dementia’ 
    
  Females 103 37 2 28.5 
  Males 45 7 1 16.3 
  70–74 years 22 5 1 13.1 
  75–79 years 33 8 1 19.4 
  80–84 years 27 13 1 29.7 
  ≥85 years 66 18 0 43.7 
  Total all cases 148 44 3 23.5 
  Age-
standardised all 
cases 
– – – 21.6 
DSM-IV clinically diagnosed dementia 
  Females 51 5 0 9.3 
  Males 22 0 0 4.8 
  70–74 years 9 1 0 3.5 
  75–79 years 10 1 0 3.8 
  80–84 years 15 1 0 8.6 
  ≥85 years 39 2 0 19.3 
  Total all cases 73 5 0 7.5 
  Age-
standardised all 
cases 
– – – 6.4 
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Table 5. Association between any education and dementia diagnosis by 10/66 collaboration criteria 
(designed to be culture-fair in LMIC settings) and DSM-IV clinical dementia criteria based on clinical 
interview and informant history. Formal education was not independently associated with DSM-IV 
criteria dementia. The 10/66 algorithm protocol appeared educationally biased in this setting 
(supplementary paper 3) 
Logistic regression models of the role of education after adjusting for the effect of age and gender 
    95% CI for OR 
  B Sig. OR Lower Upper 
10/66 dementia 
     
  70–74 years – – 1 – – 
  75–79 years 0.894 0.016 2.444 1.180 5.061 
  80–84 years 1.406 0.001 4.079 1.832 9.082 
  85 years or over 1.817 <0.001 6.156 2.938 12.898 
  Female gender 0.633 0.030 1.884 1.065 3.333 
  Education* 0.800 0.004 2.225 1.284 3.855 
  Constant −0.837 0.005 0.433 
  
Clinical DSM-IV dementia 
     
  70–74 years – – 1 – – 
  75–79 years 0.147 0.759 1.158 0.454 2.952 
  80–84 years 0.807 0.077 2.242 0.918 5.478 
  85 years or over 1.279 0.002 3.592 1.619 7.971 
  Female gender 0.230 0.456 1.259 0.688 2.304 
  Education* 0.103 0.730 1.108 0.619 1.985 
  Constant −1.940 <0.001 0.144 
  
OR=odds ratio, CI=confidence interval.  
*Education was coded as 1=none, 0=some primary education or higher level. There were 13 missing 
values and the model is based on 283 cases. 
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Table 6. Relationship between literacy, schooling and life experience and median CSI-D cognitive 
score (COGSCORE) in Hai 2010 dementia prevalence study. Although the CSI-D has was designed to 
be culture-fair, total scores were much lower in those without formal education and/or illiterate 
(supplementary paper 3)  
Literacy, schooling and life experience data in relation to CSI-D cognitive score  
Yes  No   
  Number CSI-D score 
(median, IQR)  
 
Number 
CSI-D score 
(median, IQR 
Significance 
Females  Ever attended 
school (n=668)  
249 (37.3%)  26.9 (24.7 to 
28.9)  
419 
(62.7%)  
24.8 (21.6 to 
27.4)  
U=34866.5,  
z= –6.688, p<0.001  
Can read and 
write (n=668)  
232 (34.7%)  26.9 (24.7 to 
28.7)  
436 
(65.3%)  
24.9 (21.8 to 
27.5)  
U=34449.5,  
z= –6.791, p<0.001  
Born outside 
Hai (n=673)  
70 (10.4%)  25.2 (23.6 to 
27.3)  
603 
(89.6%)  
25.8 (22.6 to 
28.1)  
U=19397.0,  
z= –1.109, p=0.267  
Ever lived 
outside Hai 
(n=673)  
96 (14.3%)  26.1 (24.1 to 
28.0)  
577 
(85.7%)  
25.6 (22.6 to 
28.0)  
U=26581.0,  
z= –0.632, p=0.527  
Males  Ever attended 
school (n=518)  
352 (68.0%)  28.3 (26.3 to 
29.9)  
166 
(32.0%)  
26.5 (24.0 to 
28.0)  
U=20757.0,  
z= –6.278, p<0.001  
Can read and 
write (n=518)  
337 (65.1%)  28.2 (26.3 to 
29.8)  
181 
(34.9%)  
26.8 (24.0 to 
28.6)  
U=21481.5,  
z= –6.039, p<0.001  
Born outside 
Hai (n=525)  
66 (12.6%)  27.1 (26.1 to 
28.3)  
459 
(87.4%)  
27.9 (25.5 to 
29.5)  
U=13771.5,  
z= –1.194, p=0.233  
Ever lived 
outside Hai 
(n=525)  
157 (29.9%)  28.0 (26.2 to 
29.6)  
368 
(70.1%)  
27.5 (25.3 to 
29.4)  
U=26422.5,  
z= –1.549, p=0.121  
IQR: inter quartile range.  
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Table 7. Association between markers for cognitive function and schooling in phase II cohort 
(Supplementary paper 4) 
Association between markers for cognitive function and schooling in phase II cohort. N=296 
 Univariate odds ratio (95% CI, 
significance) 
Age adjusted odds ratio 
(95% CI, significance) 
Females  CSI-D patient cognitive score  1.01 (0.96 to 1.05, p=0.786)  1.00 (0.95 to 1.04, p=0.858)  
CERAD 10 word list score  1.13 (0.97 to 1.31, p=0.115)  1.08 (0.92 to 1.26, p=0.339)  
Probable dementia by CSI-D  0.83 (0.61 to 1.11, p=0.211)  0.85 (0.63 to 1.16, p=0.316)  
DSM-IV dementia diagnosis  0.91 (0.47 to 1.77, p=0.776)  1.11 (0.55 to 2.22, p=0.774)  
Males  CSI-D patient cognitive score  1.11 (1.03 to 1.20, p=0.010)  1.09 (1.01 to 1.18, p=0.028)  
CERAD 10 word list score  1.12 (0.91 to 1.37, p=0.273)  1.09 (0.87 to 1.37, p=0.452)  
‘Probable dementia’ by CSI-D  0.48 (0.31 to 0.75, p=0.001)  0.54 (0.34 to 0.86, p=0.010)  
DSM-IV dementia diagnosis  0.44 (0.16 to 1.18, p=0.103)  0.59 (0.20 to 1.76, p=0.345) 
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14. Evaluation of the Mini-Mental State Examination (MMSE) in Hai 
(Supplementary Paper 3, cohort 1b) 
The mini-mental state examination (MMSE) is the most widely used cognitive screening test 
worldwide despite well described shortcomings relevant to potential use in sub-Saharan Africa. 
These shortcomings include well-evidenced educational bias, inclusion of literacy and numeracy-
dependent items, and lack of items assessing frontal lobe or executive function. Nevertheless, the 
MMSE is the most extensively validated cognitive test in low-literacy settings as evidenced by the 
data presented in the systematic review of brief cognitive screening tools. We felt that due to this 
very widespread use of the MMSE for cognitive screening, including in hospital settings in SSA as 
detailed in Table 2, it was appropriate to evaluate the performance of the MMSE in Tanzania.  
The version of the MMSE used for the pilot was minimally adapted in order to be understood in 
Tanzania. The sentence for repetition was changed to a similar phrase well known in Swahili. 
Likewise the attention task was simplified to serial subtractions of three. The item on street name 
was changed to ‘who lives next door’ because street names were not relevant in Hai. Translations to 
instructions were made with discussion with the district medical supervisors, a group of assistant 
medical officers with extensive public health experience and forwards and backwards translated to 
ensure that instructions would be clearly understood as intended.  
The MMSE was evaluated in sixty participants under follow-up as part of a study of mild cognitive 
impairment (MCI). Demographic data are summarised in Table 8. Median MMSE score for individuals 
with no cognitive impairment following detailed home-based clinical assessment was 19, within the 
range normally classified as moderate dementia in high income countries. This was similar to 
findings from other LMIC studies with high levels of illiterate participants identified during the 
systematic review of cognitive screening tools. Surprisingly, the majority of participants could not 
name the country and replied by giving the name of the region, or nearest large town, despite 
prompting. As expected, most illiterate participants were reluctant to attempt the drawing task and 
most refused. 
The performance of the MMSE is summarised below in in Table 8. The optimum cut-off for the 
MMSE in our sample was 13.5/30 or 13.5/22 with sensitivity of .77 and specificity of .71. A cut off of 
14 resulted in sensitivity of .824 but specificity of 0.63. Removing the literacy-dependent items did 
not change the optimum cut-off score with 13.5/22 resulting in sensitivity of .824 and specificity of 
.69. Auroc was fair (0.80-0.796). Categorical verbal fluency was superior to the MMSE in dementia 
screening. Of the domains assessed in the MMSE, the best-performing were orientation and delayed 
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recall. Results supported evidence from other low-literacy settings that performance on categorical 
verbal fluency and orientation are less affected by illiteracy. Generally those with normal cognition 
performed poorly in all individual tasks in the MMSE with the exception of repetition and simple 
naming, a similar finding to that reported in another low literacy setting in Brazil. The optimal cut-off 
of 13/30 was at the lower end of normative scores reported in other low-literacy settings (13-18). 
The previously described validity issues when using artificially low scores for illiterate people on the 
MMSE and other cognitive screening tests, and the result of this pilot study, indicate that the MMSE 
cannot be recommended for dementia screening in SSA. 
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Table 8. MMSE for dementia screening in Hai pilot study 
*=missing Dementia n=17 MCI 
N=29 
Normal cognition 
N=14 
Age (med, IQR)   81.0 (16.50) *=1 85.0     
(10.0) 
80.00     (14.0) 
Female (n, %) 11     (64.71)  19    65.52 11      (78.57) 
Ever attended formal school (n, %) 4       (23.53) 10    34.48  7       (50.0) 
Years of education (med, IQR) 0.00  (1.00) 0.00     
(3.00) 
0.50   (4.0) 
Self-reported basic literacy (n, %) 4        (23.53) 7    (24.14)  7        (50.0) 
    
Verbal fluency (category, animals) (med, 
IQR) 
4.00  (2.50) 6.00     
(3.50) 
8.50      (3.75) 
CERAD delayed recall (med, IQR) 1.00  (2.250) *=5 1.00  (2.0) 
*=5 
1.50    (4.0) *=4 
Minimally adapted MMSE total score 
(med, IQR) 
12.00     (4.50) 15.0    
(5.0) 
19.50      (3.75) 
MMSE total disregarding literacy and 
numeracy based items /22 
12.00     (4.50) 14.0     
(4.0) 
19.00    (2.5) 
Subset scores    
MMSE orientation/10 4.00    (3.00) 6.00     
(2.0) 
8.00     (2.5) 
MMSE registration/3 3.00    (1.00) 3.00    
(0.0) 
3.00    (0.0) 
MMSE recall/3 0.00    (1.00) 1.00    
(2.0) 
2.00     (0.0) 
MMSE commands/3 2.00    (2.50) 2.00     
(2.0) 
2.00     (1.25) 
MMSE naming/2 2.00    (0.00) 2.00    
(0.0) 
2.00    (0.0) 
MMSE writing/1 0.00    (0.00) 0.00   (0.0) 
*=4 
0.00     (0.0) *=1 
MMSE written command/1      0.00    (0.00) *=1 0.00    
(1.0) 
0.00     (1.0)  
MMSE copying/1                        0.00   (0.00) *=4 0.00   ( 
0.0) *=4 
0.00     (0.0) *=1 
MMSE attention and concentration 
(calculation)/5 
0.00   (0.00) 0.00     
(0.0) 
0.00     (1.0) 
MMSE repetition/1 1.00    (0.00) 1.00  (0.0) 1.00  (0.0) 
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. 
 
Figure 9. Performance of cognitive domains from MMSE for prediction of dementia
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The IDEA six-item cognitive screen 
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15. The IDEA six-item cognitive screen for Africa (SIDSA)  
The SIDSA is a brief cognitive screening tool designed for use by non-specialist workers in primary 
care in a rural SSA setting, and to be used in a low-literacy setting. Items scored assess orientation, 
short-term recall, long term memory, abstract thought, category (animal) fluency and visuo-
construction. 
Four items are taken from the Community Screening Instrument for Dementia (CSI-D). These are as 
follows, to describe the function of a bridge, naming the day of the week, naming the village 
chairperson, town mayor or equivalent, and categorical verbal fluency (animals in one minute). An 
additional item, the 10 word list is an adaption of the Consortium to Establish a Registry for 
Alzheimer’s disease (CERAD) 10 word recall task. This was adapted in India to allow auditory rather 
than written presentation of the words, and adaptation of the words to a LMIC setting. Three 
learning trials are given, and then recall of the 10 previously learned words is scored after a five 
minute delay with one point given for each correct answer up to a maximum of 5 points. This task 
forms part of the 10/66 international dementia collaboration protocol. The final item is a measure of 
praxis and visuoconstruction using a matchstick construction task taken from the stick design test, 
originally validated in a community cohort in Nigeria with a very low level of literacy. This is scored 
from zero to three points. Weighting of individual questions for item scoring was derived from the 
parameter estimates of the regression models. The maximum possible score on the IDEA screen is 
therefore 15 points and the minimum is zero, with higher scores indicating better cognitive 
performance.  
The IDEA six-item screen appears to address some of the issues of educational bias noted in other 
screening tools. There are no included items requiring reading writing drawing or calculation in order 
to avoid overt educational bias. In addition, the items included are amongst those evidenced to be 
less affected by exposure to formal education. Orientation (if culturally appropriate items are asked) 
has been shown to be less affected by exposure to formal education than other cognitive tests. 
Likewise although verbal fluency performance is related to educational attainment, categorical 
fluency and in particular categories related to everyday life are less educationally biased. The 10 
word learning list, and particularly the adaptation used here was originally used in a low-literacy 
setting in India. It has been shown to have minimal educational bias, with scores on total word 
learning and delayed recall appearing fairly consistent across a range of LMIC urban and rural 
settings with higher or lower levels of education36.  In the Hai dementia prevalence study, delayed 
recall performance using this 10-word list was similar in men and women with a median of two 
words recalled in both groups (U=9142.0, z= –0.603, p=0.547), despite the lower education levels 
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and greater age of the female group, suggesting a lack of educational bias in this assessment. The 
IDEA six-item screen, although brief, includes items screening frontal and parietal lobe function. This 
avoids the focus on registration and recall seen in other brief screening tools and may therefore 
have utility in screening for dementias of subtypes other than Alzheimer’s disease dementia (ADD). 
This is important since there is evidence of an increased prevalence of non-ADD dementias in 
Tanzania.  
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16. Development and internal validation of the IDEA six-item cognitive 
screen for Africa (supplementary paper 5) 
The IDEA six-item cognitive screen was developed from data collected during the 2010 prevalence 
study of dementia in Hai (supplementary papers 1, 2 and 3). All cognitive assessment data collected 
during the screening phase of the study, were analysed with the aim of selecting those items most 
predictive of dementia in this setting. Data were therefore available for 296 individuals aged 70 and 
over seen and fully clinically assessed for dementia during the second phase of the study. Available 
data included all items from the CSI-D and also the 10/66 adaptation of the CERAD 10 word learning 
list. The drawing items included in the CSI-D (drawing interlocking circles and interlocking 
pentagons) were not included in analysis as the vast majority of individuals had either refused to 
attempt this task or failed in completion of it. Subjective feedback from health workers conducting 
the screening had been that many individuals stated it was the first time they had been asked to use 
a pencil.  
Two methods of scale development were used, Mokken scale analysis (MSA) based on Item 
Response Theory (IRT), and a combination of factor analysis and logistic regression. The model was 
developed using 80% of the available data, with cases selected at random, and internally validated 
on the remaining 20% of cases in order to avoid overfitting. The preferred model used the second 
method. This model demonstrated the best performance on internal validation (AUROC 0.871 vs 
0.786 for the MSA-based model). Although MSA is a frequently-used method for scale development, 
in cognitive assessment for dementia it presents some difficulty. MSA assumes an underlying latent 
trait, and is a hierarchical method, assuming hierarchical levels of difficulty amongst items. This may 
work well in assessment of items assumed to have a hierarchical difficulty scale, such as questions in 
an exam grading level of knowledge, but may not work so well in a condition such as dementia. 
Dementia is a syndrome, and especially in this environment, screening tools are required to identify 
individuals who may have disparate cognitive deficits. Attempting to identify one underlying latent 
trait of ‘cognitive impairment’ may not be an effective strategy, particularly when attempting to 
identify individuals with differing dementia subtypes.  
In order to increase generalisability, and to ensure that a more comprehensive cognitive assessment 
took place, one further test of praxis and visuoconstruction was added. The data available for 
modelling and internal validation was lacking in this regard, since the CSI-D assesses this cognitive 
domain through drawing, and this task had had to be removed from analysis due to non-completion 
by a large proportion of participants. The item added was a matchstick construction task selected 
from the Stick Design Test, a test of praxis validated in a low-literacy setting in Nigeria. The shape 
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selected (rake) was the most discriminating between dementia and ‘no dementia’ in published 
validation data related to this task. Performance of the modelled 6 item screen on internal validation 
is illustrated below in Figure 10 Internal and pilot validation of IDEA six-item screenFigure 10. 
Interestingly, the brief CSI-D, developed and internally validated using a similar process of modelling 
screening data from the 10/66 international collaboration did not work well in our cohort. The 
reasons for this are not clear, although the educational level in our cohort was lower than that of 
most sites included in the 10/66 collaboration as mentioned previously. 
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17. Pilot external validation of IDEA six-item screen and feasibility study 
(supplementary paper 5, cohort 1a) 
17.1. Pilot external validation (cohort 1a) 
The IDEA screen was piloted in a cohort of 60 individuals aged 70 and over. Half of these (30 
individuals) were identified during the 2010 dementia prevalence study as meeting mild cognitive 
impairment (MCI) international consensus criteria after case discussion with a UK based old age 
psychiatrist. This cohort were followed up at home annually for four years, and this pilot evaluation 
took place two years after baseline assessment. Additional control participants (30) were recruited 
through random selection of individuals rated cognitively normal on initial screening with the CSI-D 
in 2010. Absence of major cognitive impairment was verified by repeat CSI-D screening and only 
those in the CSI-D ‘low probability’ group were included as controls. The IDEA screen was 
administered by a nurse or clinical officer, in participants’ own homes and blind to the outcome of 
clinical assessment and psychiatric diagnosis. Participants were subsequently clinically assessed for 
the presence of dementia using a protocol similar to that used in the baseline dementia study and 
including history, mental state examination, bedside cognitive testing, neurological examination and 
detailed informant history for cognitive or functional impairment.  
Prevalence of dementia in the sample was 11/60 (18.3%). Differential diagnosis was challenging, 
with 12 individuals meeting MCI criteria and two having other mental illness (late onset 
schizophrenia and depression with psychosis). Diagnostic accuracy of the initial 5-item scale 
developed through factor analysis and logistic regression was good (sensitivity 81.8%, specificity 
71.4%, AUROC 0.867 (0.752-0.982)) at a cut off of 7/12. Addition of the matchstick construction item 
improved AUROC to 0.888 (0.766-1.00). At a cut off of 7/15, sensitivity was 81.8 and specificity 84.4, 
and at the higher cut-off of 10/15 sensitivity improved to 90.9 but there was a substantial reduction 
in specificity to 62.2%. 
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Figure 10 Internal and pilot validation of IDEA six-item screen 
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18. Summary and research questions 
In summary, the IDEA six-item cognitive screen developed through modelling appeared to have 
substantial advantages in terms of face validity for dementia screening in this setting. Use of the 
screen by non-specialist workers in community settings appeared feasible, and the screen appeared 
accurate in identification of dementia based on pilot data and a small sample. Further refinement 
and testing appeared useful considering the current lack of alternative cognitive screening tools 
validated in this setting, and the shortcomings of existing tools validated in low-literacy settings.  
18.1. Research questions 
1. What is the clinical effectiveness of the IDEA six item cognitive screen as a screening tool for 
dementia in hospital inpatient, outpatient and community settings in sub-Saharan Africa? 
2. Is the IDEA six-item cognitive screen educationally biased in these settings? 
3. How might we identify functional impairment as a result of cognitive impairment to assist 
with dementia diagnosis in sub-Saharan Africa? 
4. Can we improve upon the accuracy of cognitive screening using the IDEA six-item screen by 
adding a culturally appropriate measure of functional ability? 
5. What is the clinical effectiveness of the IDEA six-item cognitive screen for identification of 
delirium in hospital inpatient settings in Tanzania? 
6. What might be the most effective method of screening for delirium in older hospitalised 
adults in sub-Saharan Africa taking into account the lack of access to specialist clinicians in 
this setting? 
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Abstract
Background: We have previously described the development of the Identification and Intervention for Dementia
in Elderly Africans (IDEA) cognitive screen for use in populations with low levels of formal education. The IDEA
cognitive screen was developed and field-tested in an elderly, community-based population in rural Tanzania with
a relatively high prevalence of cognitive impairment. The aim of this study was to validate the IDEA cognitive screen
as an assessment of major cognitive impairment in hospital settings in Nigeria and Tanzania.
Methods: In Nigeria, 121 consecutive elderly medical clinic outpatients reviewed at the University College Hospital,
Ibadan were screened using the IDEA cognitive screen. In Tanzania, 97 consecutive inpatients admitted to Mawenzi
Regional Hospital (MRH), Moshi, and 108 consecutive medical clinic outpatients attending the geriatric medicine clinic
at MRH were screened. Inter-rater reliability was assessed in Tanzanian outpatients attending St Joseph’s Hospital in
Moshi using three raters. A diagnosis of dementia or delirium (DSM-IV criteria) was classified as major cognitive
impairment and was provided independently by a physician blinded to the results of the screening assessment.
Results: The area under the receiver operating characteristic (AUROC) curve in Nigerian outpatients, Tanzanian
outpatients and Tanzanian inpatients was 0.990, 0.919 and 0.917 respectively. Inter-rater reliability was good
(intra-class correlation coefficient 0.742 to 0.791). In regression models, the cognitive screen did not appear to
be educationally biased.
Conclusions: The IDEA cognitive screen performed well in these populations and should prove useful in
screening for dementia and delirium in other areas of sub-Saharan Africa.
Keywords: Dementia, Delirium, Screening, Nigeria, Tanzania, Africa, Validation
Background
The prevalence of dementia, alongside other non-
communicable diseases (NCDs), is increasing rapidly
as populations age globally, with 135.5 million people
expected to have dementia by 2050 [1]. The greatest
increases are predicted in low- and middle-income
countries (LMICs) with 71% of the global total of
people with dementia residing in LMICs by 2050 [1].
In sub-Saharan Africa (SSA) the number of cases of de-
mentia is expected to increase from 1.31 million in
2013 to 5.05 million by 2050 [1]. Identification of
dementia and other major cognitive impairments in
LMICs can be problematic, due to the lack of culturally
appropriate validated screening tools. The vast major-
ity of cognitive screening tools in common use world-
wide have been developed and validated in high
income countries (HIC) and usefulness in LMIC
settings is greatly limited by cultural and educational
differences. Illiteracy is highly prevalent in older adults
in many LMICs, particularly in rural areas. Minimising
educational bias in cognitive screening tools would im-
prove their clinical utility. In SSA, perhaps more than
in other LMIC settings, this problem is compounded
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by a serious shortage of specialist clinicians including
neurologists, geriatricians and psychiatrists [2,3].
There are 200 times fewer qualified mental health
workers per 100,000 population in SSA compared to
HICs [4]. One way to overcome this problem is to de-
velop and validate cognitive screening tools suitable
for use by non-specialist healthcare workers and clini-
cians. These tools must be brief, simple to use and have
excellent predictive properties. This task-shifting ap-
proach is recommended by the World Health
Organization (WHO) for other mental and neurological
conditions in low-resource settings [5]. We have re-
cently described the development, internal validation
and fieldwork testing of the Identification and Interven-
tions for Dementia in Elderly Africans (IDEA) study
cognitive screening tool [6]. This screening tool was de-
veloped using data collected from 1198 older adults
screened for dementia in rural Tanzania, a low-literacy
setting. It was subsequently piloted in a follow up co-
hort with relatively high levels of cognitive impairment.
The aim of the current study was to externally validate
the IDEA cognitive screen for use in a cohort of older
adults in hospital settings in Nigeria and Tanzania.
Methods
This current study took place as part of the larger IDEA
study of dementia in SSA. In Nigeria, the study was ap-
proved by the University of Ibadan and Oyo state Minis-
try of Health research ethics committees. In Tanzania,
the study was approved nationally by the National Insti-
tute for Medical Research, and locally by Kilimanjaro
Christian Medical University College. Written informed
consent was obtained from each participant. We ob-
tained a thumbprint for those that could not read or
write after the purpose and implications of the study
were verbally explained. In cases where patients were
unable to give informed consent due to cognitive deficit,
written assent was obtained from a close relative.
Participants and setting
Nigerian cohort
Outpatient sample Participants were geriatric patients,
aged 65 years and over, seen at the medical outpatient
clinic of University College Hospital Ibadan (UCH)
during May 2013. UCH is an 850-bed teaching hospital
in the city of Ibadan, Oyo state, western Nigeria. The
city has a population of approximately 3 million people.
Patients were included if they consented to participate
and were 65 years or older.
Tanzanian cohort
Mawenzi Regional Hospital (MRH) in Moshi is a
government hospital with approximately 200 beds and
provides care for around 300 outpatients per day. The
hospital serves an urban and rural population of around
100,000 people. Those requiring more specialist services
are referred to Kilimanjaro Christian Medical Centre, a
tertiary referral hospital in Moshi.
Outpatient sample
Outpatients were recruited from the geriatric medicine
outpatient clinic at MRH. The geriatric clinic offers a
free-of-charge service for those able to demonstrate that
they are aged 60 years or over, usually with a letter from
their village committee. All attendees at the clinic aged
65 years or over were invited to take part. Screening was
conducted daily for a four-week period during October
and November 2013. Screening did not take place on
public holidays and weekends, as the clinic was closed.
Due to resource limitations, a stratified sample of outpa-
tients were clinically assessed. A full clinical assessment
of all those scoring ≤ 8 on the IDEA screen was com-
pleted. A score of ≤ 7 was considered the optimal cut-off
for detection of major cognitive impairment, but the
higher cut-off was chosen to try to ensure high sensitiv-
ity. We aimed to clinically assess a random selection of
at least 40% of those who scored > 8 on the screen. Ran-
domisation involved drawing lots.
Inpatient sample
All admissions to the medical wards of MRH aged
65 years and over, from 8th October to 20th December
2013 were invited to take part in the study. The ward
admission records were consulted daily and a physical
check was made of all wards for new admissions. Patients
were excluded if they refused to participate, or if the asses-
sing clinician felt they were too unwell to participate.
Inter-rater reliability
This was carried out in the outpatient clinic of St
Joseph’s Catholic Mission hospital in Moshi, Tanzania. St
Joseph’s was chosen for the assessment of inter-rater
reliability to ensure that all patients were previously
unknown to the raters, thus avoiding the possibility that
their scores could be influenced by prior information.
All outpatients aged 65 years and over were invited to
take part. Screening was carried out by three trained
raters (AK, SM or JK), randomly coded A, B and C. To
minimise the confounding influence of a training effect,
rater A and rater B were each randomly assigned to see
half of the patients on the first assessment and the other
half on the second assessment. The third assessment
was completed by rater C. For the third assessment, not
all patients could be followed up due to having been
discharged from the clinic. A minimum gap of two days
was left between consecutive assessments to minimise
carryover effects. Assessments were timed, where pos-
sible, to coincide with existing outpatient appointments
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in order to avoid additional unnecessary travel for par-
ticipants, some of whom were frail.
Assessments
At both sites, basic demographic data (age, gender and
highest education level) were collected from each partici-
pant. In both countries, birth registration is not universal,
and many older people do not know their date of birth.
Where age was not accurately known, a validated method
of estimation based on significant past events was used
[7]. The method has been shown to have excellent con-
cordance during validation work in other SSA populations
(intra-class correlation coefficient (ICC) 0.87).
Cognitive screening
The IDEA cognitive screen has six items derived from
existing cognitive assessments used in LMIC [6]. The
screen is shown in Figure 1. Items 1–4 are taken from
the Community Screening instrument for Dementia
(CSI-D) [8]. These involve being able to name a bridge
from a description of its use, knowing the day of the
week, knowing the name of the village chief/ town
mayor/ city governor and naming as many animals as
possible in one minute (score 2 for ≥ 8 animals, score 1
for 4–7 animals, score 0 for 0–3 animals). Item 5 is taken
from Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) 10-word recall test [9], with recall of 10
common words after 5 minutes delay (score 1 point for
each word up to a maximum of 5 points). The sixth item
is designed to measure praxis and involves a matchstick
design test originally developed by Baiyewu et al. [10],
with scores ranging from 0 (no matchsticks placed cor-
rectly), to 3 (all four matchsticks placed correctly in the
shape of a rake). The maximum possible score is 15 and
the minimum 0, with a higher score indicating better
cognitive function. The IDEA screen therefore includes
delayed recall, orientation, two measures of frontal lobe
function, verbal fluency and abstract reasoning, praxis and
long-term memory. An assessment of ability for new
learning is also possible from performance on the 10-
word learning list. No items are included requiring
reading, writing, drawing or calculation in order to
reduce possible educational bias. The screen was
administered in the local language (Yoruba in Nigeria,
Swahili or Chagga in Tanzania) with the words from
the 10-word list translated into the local equivalent.
In Nigeria, the cognitive screen was administered by a
study nurse, prior to formal assessment for cognitive im-
pairment by a doctor. The nurse was therefore blind to
the clinical diagnosis at the time of assessment. In
Tanzanian inpatients and outpatients, the cognitive screen
was completed by one of three assessors: an MSc qualified
nurse (AK), occupational therapist (GM) or assistant
medical officer (JK). As in Nigeria, to ensure blinding,
cognitive screening was conducted prior to clinical as-
sessment by a doctor. After administration, all screening
tools were filed and not seen by the doctor completing
cognitive and neurological assessment.
Clinical assessment
At both sites, participants were assessed clinically for major
cognitive impairment. A focused neurological examination,
further physical examination (where appropriate) and
informant history including usual level of functioning
were completed wherever possible. Clinical assessment
included bedside cognitive screening designed to cover all
major cognitive domains, including orientation, registra-
tion and delayed recall, attention and concentration, re-
ceptive and expressive language, praxis and frontal lobe
function using Luria’s three-step hand position test. A
formal mental state examination with completion of the
geriatric depression scale (in order to exclude psychiatric
disorder as a cause of poor cognitive performance), neuro-
logical examination and careful questioning of informants
on history and instrumental activities of daily living
(IADLs) appropriate to the setting in order to assess
functional impairment were also completed. Due to the
lack of validated appropriate cognitive screening tools
in our setting, greater weight was placed on the informant
history and psychiatric and neurological examination than
the outcome of bedside cognitive assessment when reach-
ing a clinical diagnosis.
In inpatients, the Confusion Assessment Method (CAM)
was completed where there was evidence of cognitive
impairment. Care was taken to ensure that the assessing
doctor remained blinded to the outcome of screening
when completing the clinical assessment.
Diagnosis of major cognitive impairment
After interview and assessment, a diagnosis of major
cognitive impairment was provided as appropriate by
the study doctor at each site (AO and LO in Nigeria and
S-MP in Tanzania). Diagnoses of dementia, delirium and
other significant mental illness, where present, were
based on DSM-IV criteria [11]. Informant histories were
extremely useful in attempting to differentiate between
dementia and delirium and these were sought wherever
possible, by telephone if necessary. In cases of diagnostic
difficulty, cases were discussed with a specialist in old
age psychiatry and a consensus on the most likely
clinical diagnosis reached. Anyone with a diagnosis of
dementia or delirium was identified as having major
cognitive impairment.
Sample size
For multivariable analysis, a sample size was chosen that
would avoid over-fitting the model. Although estimates
vary, a minimum of seven cases per predictor was deemed
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Figure 1 The IDEA cognitive screen in English.
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acceptable. Any model was thought unlikely to contain
more than eight predictor variables, and so a minimum
sample size for each cohort of 56 was calculated.
Statistical methods
Statistical analysis was conducted using IBM SPSS statis-
tics version 21 (IBM corporation, Armonk, NY, USA).
All data (including age) were not normally distributed
and so non-parametric tests (Mann–Whitney U test and
chi-squared test) were used. For data analysis, education
was dichotomised into some education (attended school)
and no education (never attended school). Sensitivity,
specificity and likelihood ratio (LR) were calculated.
Positive predictive value (PPV) was calculated for
Nigerian outpatients and Tanzanian inpatients, but not for
Tanzanian outpatients. Since not all screened Tanzanian
outpatients were clinically assessed, prevalence, and there-
fore an accurate PPV, could not be estimated. The area
under the receiver operating characteristic (AUROC)
curve was used as an overall measure of the performance
of the IDEA cognitive screen. Cronbach’s α was calculated
to assess the consistency of the screen.
We used regression modeling to investigate whether
the IDEA cognitive screen was educationally biased.
Major cognitive impairment becomes more common
with increasing age and is thought to be more common
in women than men and more common in those with
no formal education [12,13]. However, these three vari-
ables are also confounded with each other, with women
tending to be overrepresented in older age groups and,
in many areas of SSA, less likely to have attended school
than men. To assess the independent influence of age,
gender and education on screening performance, univari-
ate and multivariable logistic regression models were de-
veloped with screening tool score (dichotomised into ≤ 7
and > 7) as the dependent (outcome) variable. Age, gender,
education and the presence of major cognitive impairment
were forced into a multivariable model as independent
(predictor) variables. Univariate models were initially in-
vestigated within each of the three cohorts separately.
Given the similarity in the results of the univariate
analysis, and to increase statistical power, multivariable
models were constructed using the combined data from
all three cohorts. Education was dichotomised as no for-
mal education or some formal education and age was split
into five-year age bands. Inter-rater reliability was assessed
using the ICC and by comparing the level of agreement in
terms of clinical decision-making. The significance level
was set at 5% and two-tailed tests were used throughout.
Results
In Tanzania, 97 inpatients were seen, of whom 33 (34.0%)
had major cognitive impairment (20 dementia, 13 delir-
ium). Of 108 outpatients seen in Tanzania, 16 (14.8%)
scored ≤ 8 and all were clinically assessed. Of the
remaining 92 who scored > 8, 43 (46.7%) were randomly
selected for clinical assessment, giving a Tanzanian out-
patient cohort of 59, of whom 13 (22.0%) had major
cognitive impairment. All 13 had dementia, though one
person with dementia was also thought to have delirium
at the time of assessment and was referred for further
investigations. In Nigeria, data were available for 121
outpatients, of whom 12 (9.9%) had major cognitive im-
pairment (all dementia).
Thus, 277 were included in this validation study across
all three settings. The median time taken to complete
the screen was 10 minutes (inter quartile range: 8 to
12 minutes).
Demographic data
Age, gender and education level data for those with and
without major cognitive impairment are presented in
Table 1. In Nigeria, those with major cognitive im-
pairment had significantly higher levels of education
than those without major cognitive impairment and
in Tanzanian outpatients, those with major cognitive
impairment were significantly older than those with-
out major cognitive impairment.
Performance of the IDEA cognitive screen
Cronbach’s α for the IDEA cognitive screen was 0.807 in
Tanzanian inpatients, 0.738 in Tanzanian outpatients
and 0.741 in Nigerian outpatients, suggesting it to have
an acceptable degree of internal consistency in all three
settings.
AUROC curves for each cohort are presented in
Figure 2. Across all three settings no one with major
cognitive impairment scored more than 10, and only
eight scored greater than the suggested cut off of ≤ 7
(three Tanzanian outpatients and one Tanzanian in-
patient scored 8, one Tanzanian outpatient scored 9 and
one Tanzanian outpatient and two Tanzanian inpatients
scored 10). Of 15 people without major cognitive impair-
ment who scored ≤ 7, three had mild cognitive impair-
ment (MCI) and five were aphasic or unable to perform
well due to physical or mental illness. Sensitivity, specifi-
city, PPV, LR and AUROC curve data, are shown in
Table 2. The AUROC curve was above 0.9 in all settings.
The influence of age, gender and education on IDEA
cognitive screen performance
Univariate logistic regression models investigating the
influence of age, gender, education and the presence of
major cognitive impairment on screening performance
(outcome variable) are summarised in Table 3. Major
cognitive impairment was associated with a cognitive
screening score ≤ 7 in all three cohorts, with age as an
additional correlate in Tanzanian inpatients. In multivariable
Paddick et al. BMC Geriatrics  (2015) 15:53 Page 5 of 9
analysis, with data for all three cohorts combined (n = 277),
female gender, greater age and the presence of major cog-
nitive impairment were independent predictors of low
screening score, but education was not, see Table 4. Even
after removing gender and age from the model, education
level remained a non-significant predictor.
Inter-rater reliability
For inter-rater reliability assessment, 30 patients were
seen by raters A and B and 19 by rater C. The median
time from the first to the second assessment was 3 days
(IQR 2 to 4 days) and the median time from the second
to the third assessment was 5 days (IQR 4 to 8 days).
Table 1 Validation of the Identification and Intervention for Dementia in Elderly Africans (IDEA) cognitive screen in
2013: Demographic data
Major cognitive impairment No major cognitive impairment Significance of difference
Outpatients Nigeria
Number of patients 12 109
Median age (IQR) 71 (65.3 to 77.5) 70 (67 to 75.5) U = 619.0, z = −0.305, p = 0.761
Number of females 8 (66.7%) 49 (45.0%) χ2 = 2.045, p = 0.153
Level of education* None: 0 None: 36 (33.0%) χ2 = 5.619, p = 0.018
Some: 11 (91.6%) Some: 67 (61.5%)
Not known: 1 (8.3%) Not known: 6 (5.5%)
Outpatients Tanzania
Number of patients 13 46
Median age (IQR) 79.5 (73.3 to 89.8) 72 (67.3 to 78.8) U = 162.5, z = −2.030, p = 0.042
Number of females 7 (53.8%) 21 (45.7%) χ2 = 2.045, p = 0.153
Level of education None: 5 (38.5%) None: 11 (23.9%) χ2 = 0.273, p = 0.601
Some: 8 (61.5%) Some: 35 (76.1%)
Inpatients Tanzania
Number of patients 33 64
Median age (IQR) 78 (72.5 to 90) 75.5 (70.3 to 81) U = 846.0, z = −1.601, p = 0.109
Number of females 14 (42.4%) 37 (57.8%) χ2 = 2.068, p = 0.150
Level of education None: 15 (45.5%) None: 22 (34.4%) χ2 = 1.407, p = 0.236
Some: 17 (51.5%) Some: 42 (65.6%)
Not known 1 (3.0%)
IQR = interquartile range.
U = the test value of the Mann–Whitney U test.
* For data analysis education was dichotomised into some education (attended school for at least a year) and no education (never attended school).
Figure 2 Validation of the Identification and Intervention for Dementia in Elderly Africans (IDEA) cognitive screen in 2013: ROC curves for
each cohort.
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The level of agreement between the raters was good.
Comparing raters A and B, the ICC was 0.791. For the
19 patients seen by rater C, the ICC was 0.787 compared
to rater A and 0.742 compared to rater B. The differ-
ences in scores between raters were generally small.
Comparing the first two raters, 20 assessments (66.7%)
were within one point of each other and 27 (90.0%)
within two points of each other. Using ≤ 7 as a cut-off,
raters A and B agreed, and would have made the same
clinical decision for 28 (93.3%) cases. Likewise, raters A
and B agreed on 18 (94.7%) cases, with 13 (68.4%) scores
within one point of each other and 18 (94.7%) within
two points. Finally, raters A and C agreed on 17 (89.5%)
cases, with 15 (78.9%) within one point of each other
and 17 (89.5%) within two points.
Discussion
The IDEA cognitive screen performed well in all three
settings, with good internal consistency and inter-rater
reliability. The AUROC curve was generally higher
than seen during internal validation and fieldwork
testing in Tanzania [6]. The screen appeared to be
acceptable and culturally appropriate and no one
refused assessment.
The sensitivity in Tanzanian outpatients was relatively
low, although lower sensitivity in outpatients was ex-
pected in this setting. In rural Tanzania, people who
have dementia, and who are able to attend outpatient
clinics, are likely to be in the early stages of disease.
They may therefore be expected to perform relatively
well on brief cognitive screening, with the presence of
dementia only becoming apparent on more detailed as-
sessment. It is not clear why the screen performed better
in Nigerian outpatients than in Tanzanian outpatients.
The fact that UCH in Ibadan is a tertiary referral hos-
pital may have played a part, with a broader spread of
patients including those with more severe problems,
who may be easier to assess cognitively. Further valid-
ation work in other settings in Nigeria is merited.
The IDEA cognitive screen performed well in com-
parison with other major cognitive impairment screen-
ing instruments developed for use in populations with
low levels of formal education [14,15]. Touré et al. [14]
developed the ‘Test of Senegal’ and obtained an AUROC
curve of 0.967 on comparison with the DSM-IV-R cri-
teria when blind assessment of 58 cases and 58 controls
was carried out. However, the test has 39 questions in
total and is therefore too lengthy for use in busy non-
specialist hospital settings.
The performance of the IDEA cognitive screen also
compares well to tests of cognitive performance vali-
dated in HICs [16,17]. The six-item screener comprises
three orientation questions and a three-word delayed
recall test. It was developed for use in emergency depart-
ments and has a sensitivity of 63%, a specificity of 81%
and an AUROC curve of 0.77 [18]. The mini-cog com-
prises a clock-drawing test and a three-word delayed
recall test; it has a sensitivity of 75% and specificity of 85%
[19]. The general practitioner assessment of cognition
(GPCOG) combines the clock-drawing test with items
assessing recall and orientation; its sensitivity was 85%
and specificity 86% [20]. A review of other brief screening
instruments was carried out in 2007 [21].
UK and US good practice guidelines recommend cog-
nitive assessment of older adults in higher-prevalence
settings including primary care, and routinely in hospital
inpatient and outpatient populations [22]. The existing
evidence base strongly suggests that identification of
cognitive impairment can improve outcomes and reduce
morbidity and mortality through prevention of delirium
[23]. Cognitive screening should form a core part of
assessment for older hospitalised adults. Surprisingly,
even in HICs few of the recommended cognitive screen-
ing tools have been validated in general hospital settings
Table 2 Validation of the Identification and Intervention for Dementia in Elderly Africans (IDEA) cognitive screen in
2013: Sensitivity, specificity, LR and PPV
Nigerian outpatients Tanzanian outpatients Tanzanian inpatients
AUROC curve 0.990 0.919 0.917
Cut-off of ≤ 7 100% sensitivity 61.5% sensitivity 90.9% sensitivity
96.3% specificity 93.5% specificity 87.5% specificity
27.0 LR 9.5 LR 7.3 LR
75.0% PPV - 78.9% PPV
Cut-off of ≤ 8 100% sensitivity 84.6% sensitivity 93.9% sensitivity
91.7% specificity 89.1% specificity 81.3% specificity
12.0 LR 7.8 LR 5.0 LR
57.1% PPV - 72.1% PPV
AUROC = area under the receiver operating characteristic.
PPV = positive predictive value.
LR = likelihood ratio.
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[24]. Validation of appropriate cognitive screening methods
for hospitalised older adults is therefore needed globally,
not only in SSA.
Limitations
The main limitation of our study is the relatively small
number of people in each cohort who had major cogni-
tive impairment. However, the overall number of people
with major cognitive impairment (n = 58) was relatively
large and results were similar across all settings, allowing
data to be combined for multivariable analysis. Any at-
tempt to increase the number of major cognitive impair-
ment cases by assessing only people previously known to
have dementia and a group of controls would have re-
duced the generalisability of our results and may have
resulted in substantial bias.
In this hospital-based study, we did not attempt to
distinguish patients with delirium from those with de-
mentia. It is not expected that a short screen will be able
to distinguish such conditions. The value of carrying out
screening is to alert the clinician to cognitive impair-
ment meaning that delirium can be promptly recognised
and treated, and possible dementia considered in hos-
pital discharge planning. Without an informant history
and follow-up it is difficult to be certain that dementia is
present in hospital patients. Despite multiple attempts, it
was not always possible to obtain a history from a close
relative. Those patients who had a carer tended to be
younger and more independent, and were probably less
likely to have cognitive impairment. Occasionally carers
were distant relatives who were less able to give a de-
tailed history. In the Tanzanian sample, patients who
were seriously unwell, and were felt to need admission
to the tertiary referral hospital, were transferred, and this
is again likely to have led to an underestimate of cases of
delirium. In the outpatient settings, resource limitations
meant that it was not possible to see all screened pa-
tients. However, almost half of those who screened nega-
tively were randomly selected for clinical assessment and
any bias is likely to be small. Finally, few people had a
birth certificate or had had their birth registered and so
a validated method of age estimation was used. The
method has been shown to have excellent concordance
Table 3 Validation of the Identification and Intervention
for Dementia in Elderly Africans (IDEA) cognitive screen
in 2013: Univariate logistic regression models with
dichotomised cognitive screen as the dependent
(outcome) variable
Odds ratio (95% CI)
Nigerian outpatients
Major cognitive impairment present* -
Female 2.82 (0.92 to 8.69)
No formal education 3.11 (0.67 to 14.58)
Age
65-69 years 1
70-74 years 1.03 (0.27 to 3.98)
75-79 years 1.88 (0.47 to 7.51)
80-84 years 0.68 (0.07 to 6.26)
85 years and over 1.88 (0.18 to 19.68)
Tanzanian outpatients
Major cognitive impairment present 22.93 (4.55 to 115.67)
Female 2.25 (0.58 to 8.72)
No formal education 2.80 (0.72 to 10.97)
Age
65-69 years 1
70-74 years 6.75 (0.61 to 75.27)
75-79 years 4.00 (0.32 to 50.23)
80-84 years 6.00 (0.46 to 78.56)
85 years and over 7.71 (0.68 to 87.25)
Tanzanian inpatients
Major cognitive impairment present 70.00 (17.28 to 283.59)
Female 1.00 (0.44 to 2.27)
No formal education 1.99 (0.86 to 4.64)
Age
65-69 years 1
70-74 years 4.57 (0.83 to 25.21)
75-79 years 4.31 (0.76 to 24.38)
80-84 years 7.00 (1.17 to 41.76)
85 years and over 14.00 (2.54 to 77.21)
* An odds ratio cannot be calculated due to zero values. Only four subjects,
from the 121 in the cohort, were misclassified, all identified as positive on
screen, but negative on clinical assessment.
Table 4 Validation of the Identification and Intervention
for Dementia in Elderly Africans (IDEA) cognitive screen
in 2013: Multivariable logistic regression model with
dichotomised cognitive screen as the dependent
(outcome) variable
Odds ratio (95% CI) Significance (p)
Major cognitive impairment
present
108.82 (36.31 to 326.14) <0.001
Female 3.32 (1.20 to 9.19) 0.021
No formal education 1.07 (0.40 to 2.88) 0.895
Age
65-69 years 1
70-74 years 3.26 (0.83 to 12.74) 0.090
75-79 years 3.52 (0.87 to 14.31) 0.079
80-84 years 5.39 (1.05 to 27.68) 0.044
85 years and over 6.80 (1.58 to 29.21) 0.010
Hosmer and Lemeshow goodness of fit test, χ2 (7) = 5.60, p = 0.587.
Nagelkerke R2 = 0.66.
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during validation work in other populations in SSA and
we feel that, at a cohort level, any bias will be small.
Conclusions
The IDEA cognitive screen was administered by non-
specialist healthcare workers and performed well in hos-
pital settings in Nigeria and Tanzania. Further testing in
other regions of SSA, and in primary care, is an important
next step.
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19. Commentary on Key Paper 1 
Initial validation of the IDEA six-item cognitive screen for identification of major cognitive 
impairment (delirium or dementia) in hospital settings (Cohorts 2 and 3) 
19.1. Overview 
This study describes the initial validation of the IDEA six-item screen in two cohorts of individuals 
treated at a Government hospital in Tanzania. These include a cohort of 97 older individuals 
assessed on admission to medical wards of the hospital, and a randomised sample of 59 individuals 
(from 108 screened) presenting for treatment at a dedicated free-of-charge older persons medical 
clinic at the same hospital. Data are also reported on validation of the six-item screen in a Nigerian 
outpatient setting in the accompanying paper, but this is not the main focus of this presented work.  
19.2. Materials and methods, Tanzanian site 
Inpatient validation 
Inpatient validation of the IDEA six item screen took place in a consecutive sample of individuals 
aged 65 and over admitted to the medical wards of Mawenzi Regional Referral Hospital (MRRH) in 
2013. It was aimed to assess 100 consecutive admissions over a three month period. All those 
admitted from 4th October 2013 to the 20th December 2013 were eligible for inclusion in the study. 
The admission books of both wards were consulted each morning for new admissions from the 
previous evening, and a check physically made of both wards for new admissions who might not yet 
have been registered. All new admissions were approached for consent to be included in the study. 
Signed informed consent was obtained from all participants, with a thumbprint collected from those 
who were unable to write. Where informed consent was not possible due to mental status at the 
time of interview, signed informed consent was sought from an accompanying close relative with 
assent from the participant. All those consenting to take part were then screened for dementia by 
one of three trained screeners. These included an MSc qualified nurse, occupational therapist and an 
Assistant Medical Officer. The screening assessment consisted of the IDEA six item screen and 
demographic data including educational level, literacy and occupation.  
On completion of the screening assessment, the completed screening tools were filed in a separate 
location unseen by the research doctor. All patients were then fully assessed by the research doctor 
blinded to the outcome of the screening assessment. Clinical assessment took place blinded to the 
outcome of cognitive screening and included bedside cognitive assessment (registration, delayed 
recall, orientation, coordination and praxis, comprehension of commands, attention and 
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concentration and expressive language through use of open questions about changes in the local 
area (social, environmental, political) from the past to the present day). A focussed mental state 
examination with further assessment of any issues noted such as suspiciousness or possible 
psychosis was conducted, alongside a neurological examination focused on signs of Parkinsonism or 
stroke. All participants were assessed using the Confusion Assessment Method (CAM) to assist in 
identification of delirium. 
 A detailed history for cognitive and functional impairment, and dementia risk factors was obtained 
for all participants from an appropriate informant where possible. The informant questionnaire was 
an adaptation of a questionnaire used in previous studies in Nigeria, and based on the DSM-IV 
criteria. This had been revised and agreed by research clinicians in the Tanzanian, Nigerian and UK 
study sites as part of the development work for the study, and was used to inform a semi-structured 
informant history but was not used alone to inform diagnosis. An informant interview was always 
sought, either in person or by telephone if family were unable to visit. Where an informant interview 
was not possible, but felt to be important in securing a diagnosis, a home visit was attempted. In 
cases of diagnostic doubt, further discussion with a UK based old age psychiatrist took place. 
Criterion validity was measured against major cognitive impairment. Dementia, delirium and other 
mental disorders were diagnosed according to DSM-IV and ICD-10 criteria. The DSM-5 was published 
four months prior to commencement of the study, but the DSM-IV criteria were used as these were 
the criteria quoted in the original research proposal and ethical committee application. Mild 
cognitive impairment (MCI) was diagnosed according to the modified Petersen criteria. 
Outpatient validation 
Outpatient validation took place in the geriatric outpatient clinic. All individuals aged 65 or over 
attending the clinic, and present before the cut-off time were eligible for screening. Due to resource 
limitations a randomised cohort of all those scoring 8 and below, and at least 10% of those scoring 9 
or higher randomly selected by drawing lots, underwent blinded clinical assessment following the 
same format as that detailed for hospital medical inpatients. For those patients attending the clinic 
without a relative, detailed informant histories were obtained by telephone by a research nurse with 
training in dementia assessment and history taking from informants.  
In both inpatient and outpatient settings, individuals found to have dementia were offered 
information about dementia and appropriate advice. Those found to meet criteria for another 
mental disorder, particularly DSM-IV depression or psychotic illness, were referred to the Regional 
Psychiatric Service (RPS) at MRRH.  
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19.3. Results 
During the study period, 120 patients aged 65 or over were admitted to the inpatient male and 
female medical wards of MRRH. Of these, 99 were included in our study. 21 were not included 
(17.5%). Two further participants were excluded from analysis due to having been found 
subsequently not to have completed the screening tool fully, resulting in a study sample of 97 
individuals. 
Reasons for exclusion were as follows; 7 (33.3%) were transferred to the regional tertiary hospital 
KCMC shortly after admission due to illness severity; 3 (14.3%) died before being seen; 7 (33.3%) 
were discharged before the interview was completed. (This was often unexpected and due to 
financial and time commitment pressures on family members who were forced to request early 
discharge). One (4.7%) patient left the ward overnight and did not return, two (9.5%) were recent 
readmissions and refused to be screened and one (4.7%) was not present on the ward and 
discharged prior to morning ward round. It was unclear if this occurred with or without medical 
advice. There were no significant differences in age or gender between those assessed and not 
assessed. Of those 97 individuals assessed, 33 (34%) were diagnosed with major cognitive 
impairment (20 DSM-IV dementia and 13 DSM-IV delirium).  
Of those 108 outpatients screened, 16 scored 8 or below on the IDEA six-item screen and all were 
clinically assessed for major cognitive impairment. Of the 92 who scored 9 or above, 43 (46.7%) were 
randomly selected for second stage assessment. The total randomised sample for the validation 
study was therefore 59 individuals. Of these, 13 were diagnosed with major cognitive impairment 
(22%). All of these met dementia criteria, but one participant was felt to have superimposed 
delirium and was referred for medical admission. 
Table 9. Summary of demographic data of those fully assessed as part of validation study 
Inpatient  Major CI No major CI Significance of 
difference 
Number of patients 33 64  
Median age (IQR) 78 (72.5 to 90) 75.5 (70.25 to 81) U = 846.0, z = -1.601, 
p = 0.109 
Number of females 14 (42.4%) 37 (57.8%) χ2 = 2.068, p = 0.150 
Level of education None: 15 (45.5%) 
Some: 17 (51.5%) 
Not known 1 (3.0%) 
None: 22 (34.4%) 
Some: 42 (65.6%) 
χ2 = 1.407, p = 0.236 
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Outpatient (pilot)    
Number of patients 13 46  
Median age (IQR) 79.5 (73.25 to 89.75) 72 (67.25 to 78.75) U = 162.5, z = -2.030, 
p = 0.042 
Number of females 7 (53.8%) 21 (45.7%) χ2 = 2.045, p = 0.153 
Level of education None: 5 (38.5%) 
Some: 8 (61.5%) 
None: 11 (23.9%) 
Some: 35 (76.1%) 
χ2 = 0.273, p = 0.601 
 
The initial development work had suggested a screening cut-off of 7 for dementia. No individual with 
major cognitive impairment scored more than 10 in this study. One outpatient and two inpatient 
participants scored 10, one outpatient scored 9 and three outpatients and one inpatient scored 8. 
False positives scoring 7 or below but without major cognitive impairment included three diagnosed 
with MCI, and five who were aphasic or severely dysphasic or otherwise severely unwell.  
Cronbach’s Alpha was 0.807 in the inpatient sample and 0.739 in the outpatient sample. This shows 
an acceptable but not high degree of internal consistency. Since dementia is a syndromal diagnosis, 
higher values of for internal consistency may not be achievable or even desirable as the screening 
tool has been designed to pick up a variety of different impairments rather than focussing on 
memory or one other single construct.  
19.4. Strengths and limitations of Key Paper 1 
Study design 
Previous validation studies of cognitive screening tools in sub-Saharan Africa are very few. Those 
studies identified in our systematic review (Background Paper 2) validated the Test of Senegal and 
the Stick Design Test. Both validation studies have methodological difficulties. The Test of Senegal 
was validated in 58 individuals with dementia and 58 controls in a study using a cross-sectional 
design. Whilst cross sectional validation study designs are acceptable as stage 1 diagnostic studies, 
this method results in significant spectrum bias, particularly in a disorder such a dementia where an 
intermediate category of minor neurocognitive disorder or mild cognitive impairment (MCI) is well 
recognised. Further validation is required before utility in clinical practice can be evaluated.  
The Stick Design Test was validated in a study where the outcome of the screening test formed part 
of the information used for consensus diagnosis, again resulting in significant bias. 
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One of the major strengths of this study was that the screening tool was performed blind to the 
outcome of clinical assessment for dementia, and dementia assessment was performed blind to the 
outcome of screening tool performance. This therefore avoids the methodological difficulties 
present in those very few previous studies, and also in a substantial number of other screening tool 
validation studies conducted in low-literacy settings. Since borderline cases were assessed, this 
avoids the problem of spectrum bias in stage 1 diagnostic studies. Efforts were made to 
comprehensively assess study participants, and assessments were informed by previous work and 
experience by the study team of clinical assessments for dementia in Tanzania. 
Clinical Diagnosis 
Although a comprehensive assessment was attempted, it was not possible to be certain of 
underlying dementia in all participants. Follow-up assessments post-discharge were not possible in 
this cohort due to resource limitations and therefore it was not always possible to exclude 
underlying dementia in individuals presenting with CAM positive delirium. It is not considered ideal 
in clinical practice to make a diagnosis of dementia in hospital inpatients, particularly if unwell. 
Diagnoses were also made by one research doctor (the doctoral candidate) with substantial previous 
experience of dementia assessment in a similar environment. Difficult or borderline cases were 
discussed with a specialist in old age psychiatry, but a formal blinded consensus panel diagnosis of 
dementia was not possible due to lack of follow-up data and other resource issues. For these 
reasons, this study can only be considered preliminary. Furthermore this study reports validation of 
the IDEA screen for cognitive impairment, rather than for clearly defined dementia or delirium by 
standard criteria.  
Sampling 
There may have been a degree of bias within the inpatient sample, as due to resource issues within 
the hospital, patients who were more severely unwell, or required specialised diagnostic 
investigations were transferred elsewhere, usually to the local tertiary referral hospital (KCMC). The 
sample assessed, although representative of medical inpatients in this government hospital, might 
not be typical of older hospital inpatients in other settings where tertiary referral services might not 
be locally available. MRRH is a Government hospital, and charges are made to register at the 
hospital by opening a file, and for subsequent treatment. Charges are substantially lower than those 
at private or NGO assisted hospitals, but families are generally responsible for costs of investigations 
and for purchase of medications although health insurance schemes are growing in popularity. Due 
to the financial implications of hospital admission, admissions were typically much shorter than 
expected from clinical practice in the UK. As a result, the time for completion of informant histories 
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was short, and it was not always possible to obtain a history from the primary carer or nearest 
relative prior to discharge or transfer. This last point is based upon subjective experience only, since 
detailed hospital admission and discharge records allowing calculation of median length of stay were 
not available to the research team, again due to the speed of turnover and nursing resource issues.  
Similarly in the outpatient sample, resource issues may have resulted in bias. Although medical 
treatment was offered free of charge, a number of routine investigations were not available within 
the hospital, including radiography, electrocardiographs (ECG) and measurement of full blood count 
(FBC) and blood biochemistry including kidney and liver function. As a result, individuals requiring 
these investigations were referred to other providers outside the hospital for completion of these. 
As a result, some participants withdrew consent to take part in the study, or were deemed by the 
research team to be ineligible to continue since this might delay or otherwise impact clinical care. 
Those requiring investigations may have been more unwell than those assessed, resulting in a 
degree of bias in the sample.  
19.5. Outcomes and conclusion 
This study presented an initial validation of the IDEA six-item screen for major cognitive impairment 
(dementia or delirium) in hospital settings in Tanzania. The IDEA screen was administered by 
experienced health professionals of differing clinical backgrounds and a high degree of criterion 
validity when compared with diagnosis of major cognitive impairment by a research doctor was 
demonstrated. Although a number of methodological issues are acknowledged and discussed above 
this study indicated that the IDEA six-item screen had potential as a brief cognitive screening tool for 
dementia and delirium in hospital settings in Tanzania. There did not appear to be significant 
educational bias when data were combined with those of the Tanzanian sample. Further validation 
in a variety of settings was indicated to further examine its clinical utility and also to avoid the issues 
outlined in the systematic review (Background paper 2) of development and subsequent inadequate 
validation of screening tools suitable for low-literacy settings. This study also indicated that further 
work was required with regard to the optimal cut-off score. Initial development work had suggested 
a cut-off of 7/15 (Supplementary Paper 5) but a cut-off of 8 was used for the randomised sample in 
hospital outpatients in order to oversample for cognitive impairment. 
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Objectives: The dementia diagnosis gap in sub-Saharan Africa (SSA) is large, partly because of difficul-
ties in screening for cognitive impairment in the community. As part of the Identification and Interven-
tion for Dementia in Elderly Africans (IDEA) study, we aimed to validate the IDEA cognitive screen in a
community-based sample in rural Tanzania
Methods: Study participants were recruited from people who attended screening days held in villages
within the rural Hai district of Tanzania. Criterion validity was assessed against the gold standard clin-
ical dementia diagnosis using DSM-IV criteria. Construct validity was assessed against, age, education,
sex and grip strength and instrumental activities of daily living (IADLs). Internal consistency and floor
and ceiling effects were also examined.
Results: During community screening, the IDEA cognitive screen had high criterion validity, with an area
under the receiver operating characteristic curve of 0.855 (95%CI 0.794 to 0.915). Higher scores on the screen
were significantly correlated with lower age, male sex, having attended school, better grip strength and
improved performance in activities of daily living. Factor analysis revealed a single factor with an eigenvalue
greater than one, although internal consistency was only moderate (Cronbach’s alpha=0.534).
Conclusions: The IDEA cognitive screen had high criterion and construct validity and is suitable for use
as a cognitive screening instrument in a community setting in SSA. Only moderate internal consistency
may partly reflect the multi-domain nature of dementia as diagnosed clinically. Copyright# 2016 John
Wiley & Sons, Ltd.
Key words: validation; screening; dementia; cognitive impairment; Africa; Tanzania; low- and middle-income countries;
developing countries; screening tools
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Introduction
Dementia is being increasingly recognised as a public
health concern in many areas of sub-Saharan Africa
(SSA) (Mavrodaris et al., 2013; Prince et al., 2013).
As populations age, dementia is becoming increas-
ingly common and is associated with high levels of
disability (Prince et al., 2011a; Dotchin et al., 2015;
Kisoli et al., 2015). Despite the growing body of ep-
idemiological data, diagnosis of dementia in many
Copyright # 2016 John Wiley & Sons, Ltd. Int J Geriatr Psychiatry 2016; 31: 1199–1207
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parts of SSA can be difficult because of a shortage of
specialist physicians (Bower and Zenebe, 2005;
Dotchin et al., 2013) and a lack of appropriate
screening tools. The World Health Organization
(WHO) Mental Health Gap Action Programme
(mhGAP) was developed to help address some of
the resource issues around identification and man-
agement of people with mental health problems, in-
cluding dementia, in low-resource settings (World
Health Organization, 2010).
The Identification and Intervention for Dementia
in Elderly Africans (IDEA) cognitive screen was devel-
oped as a brief screening instrument for cognitive
impairment in SSA (Gray et al., 2014). It can be ad-
ministered in around 10min by non-specialist
healthcare workers and is designed for use in people
with low levels of formal education (Paddick et al.,
2015a). It was developed and piloted in rural
Tanzania and has been shown to have excellent in-
ternal consistency, criterion validity and reliability
in hospital-based cohorts in Tanzania and Nigeria
(Gray et al., 2014; Paddick et al., 2015a).
Aims
Our aim was to assess the criterion and construct va-
lidity and internal consistency of the IDEA cognitive
screen in a community-based cohort of people in rural
Tanzania. To assess construct validity we hypothesised
that lower cognitive function scores would be associ-
ated with greater age, female sex, lower education
and lower grip strength.
Method
Ethics
Ethical approval for this study was given by the
National Institute of Medical Research, Dar-es-Salaam,
Tanzania. Additional ethical approval for the valida-
tion work was given by Kilimanjaro Christian Medical
University College, Moshi, Tanzania.
Setting
The study was conducted in villages in the Hai
district of northern Tanzania. Tanzania is a low-
income country, with a gross national income of
$930 per capita; the average life expectancy is
61 years, with 4.8% of the population aged 60 or
over (The World Bank, 2015; United Nations,
2015). Hai district is largely rural, situated at the
base of Mount Kilimanjaro. There are two large hos-
pitals in Hai and numerous dispensaries and smaller
health centres.
Timing
All screening and initial psychiatric assessment data
were collected between March and May 2014. Some
follow-up assessments to confirm initial diagnosis
were conducted from June to August 2014.
Recruitment
Details of the recruitment process have already been
published, and a brief summary is given below
(Collingwood et al., 2014). Participation in the study
was on a voluntary self-referral basis. Screening days
took place at local village offices. Given the voluntary
nature of participation, after dissemination of infor-
mation about the study, consent was assumed for
those who volunteered for screening. However, con-
sent was obtained from all those who were selected
for assessment by the study doctor. A thumbprint
was taken from those who could not read or write
and the nature of the study explained verbally.
A few days before each of the screening days, infor-
mation about the study was announced in local reli-
gious meetings (Christian and Muslim) and by local
census enumerators, with support from the village
committee. Any residents aged 65 years or over wish-
ing to take part, or any family members wishing to
refer a relative, were invited to attend one of three
screening days in each village. All participants were
asked to attend with a relative or carer able to give
an informant history. Eleven people were identified
by village enumerators as too frail to attend screening
and were visited at home. To avoid selection bias, any
older people who wished to take part in the study, but
were physically unable to attend screening days, were
visited at home. Information was collected on the par-
ticipants’ sex, age, literacy and educational level. Con-
tact information for each participant was recorded to
allow follow-up of those selected for clinical
assessment.
Cognitive screening
Cognitive screening was conducted using the IDEA
cognitive screen, which has been validated for use in
a hospital setting (Gray et al., 2014; Paddick et al.,
1200 W. K. Gray et al.
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2015b). The screen was developed by members of our
team using data collected as part of a dementia preva-
lence study (Longdon et al., 2013). To increase content
validity it was piloted and refined based on feedback
from health professionals and clinical performance in
the pilot study cohort (Gray et al., 2014). The screen
has six items: being able to name a bridge from a de-
scription of its use, knowing the day of the week, know-
ing the name of the village chief/town mayor/city
governor, naming as many different animals as possible
in one minute, delayed recall from a 10 word-list and a
matchstick design item (Paddick et al., 2015b). Subjects
can score 0–15 points, with zero reflecting the lowest
cognitive performance and 15 the highest cognitive per-
formance. A score of 8–9 was taken to indicate possible
dementia and a score of ≤7 probable dementia (Gray
et al., 2014). Assessments were conducted by nine local
healthcare workers who were blinded to all clinical
cognitive assessments conducted by the study doctor
(S-MP). The healthcare workers administering the
screen were blind to the DSM-V diagnosis provided by
the doctor. All healthcare workers had attended a
4-day training course regarding dementia and use of
the screening instruments.
The assessors were asked to indicate on the study
proforma whether, in their opinion, the informant
was felt to be reliable based on cognitive and func-
tional assessments. The informant was considered
unreliable if they were a non-relative (e.g. neigh-
bour) who on questioning rarely came into contact
with the participant and/or the information given
by the informant largely contradicted the impression
the interviewer had of the participant based on cog-
nitive screening.
Other assessments
Data on age, sex and highest education level attained
were collected. Instrumental activities of daily living
(IADLs) were assessed using the 11-item IDEA-IADL
scale, which was developed by members of our team
and has been shown to be valid in this setting
(Collingwood et al., 2014). Grip strength was assessed
using a Jamar hydraulic hand dynamometer (Model
J000105, Lafayette Instruments, Lafayette, IN, USA)
with participants seated, their elbow by their side
and flexed to right angles, and a neutral wrist position.
Three recordings of grip strength in the dominant
hand were taken and the best effort used for the pur-
poses of data analysis. All assessors were trained in
the use of the dynamometer and practiced the testing
procedure prior to assessments.
Diagnosis of dementia
Dementia diagnosis was based on DSM-IV dementia
criteria (American Psychiatric Association, 1994). As
during pilot fieldwork testing, DSM-IV diagnosis was
provided by a UK-based research psychiatrist (S-MP)
who was blind to the results of the cognitive and func-
tional assessment conducted by the healthcare workers.
All participants had a cognitive examination which
included orientation, delayed recall, an assessment of
attention and concentration (days of the week back-
wards), an assessment of language ability based on a
structured conversation and ability to follow complex
commands. A brief neurological and physical examina-
tion was also conducted and patients assessed regarding
known dementia risk factors. Screening for depression
using the Geriatric Depression Scale (GDS) and for
fatigue was also done. Anyone suspected of having de-
pression, based on the GDS, was assessed further using
a semi-structured interview. Depression was assessed
only in regard to its confounding influence in the
diagnosis of dementia. A detailed assessment that would
allow a formal diagnosis of depression was not
conducted.
An informant interview was completed in line with
DSM-IV guidelines (American Psychiatric Associa-
tion, 1994). In all but one case of suspected dementia
an informant history was taken from a close relative.
In the one case where an informant could not be
identified, a friend was used as the informant. One
case was discussed with another psychiatrist to con-
firm diagnosis and three cases were re-visited at four
months follow-up to confirm or refute diagnoses.
Where diagnoses were in doubt, cases were
discussed with a UK-based consultant in old age
psychiatry.
Based on their IDEA cognitive screen scores, a strat-
ified sample was followed-up and underwent full clini-
cal diagnostic assessment. The aim was to assess all
those scoring ≤9 (probable or possible dementia) as well
as a randomly selected 15% of those scoring >9 and
thought unlikely to have dementia. Random selection
involved blindly picking participant’s numbers out of
a container. Informants who failed to attend for full di-
agnostic assessment interview were asked to attend on a
subsequent day and, where this was not possible, were
followed-up on home visits by the clinician.
Statistical methods
Data analysis. Statistical analysis was conducted using
Microsoft Excel 2010 and IBM SPSS statistics version
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Copyright # 2016 John Wiley & Sons, Ltd. Int J Geriatr Psychiatry 2016; 31: 1199–1207
21. Grip strength data were normally distributed. All
other data were found to be non-normally distributed
and therefore summarised in terms of median, inter-
quartile range (IQR), range and frequency as
appropriate. The significance level was set at 5% and
two-tailed significance tests used throughout.
Cronbach’s alpha was used as a measure of internal
consistency and factor analysis used to investigate
underlying latent traits within the scale. For factor anal-
ysis, the method of principal components was used and
a varimax rotation applied to aid data analysis.
The minimally important change (MIC) was esti-
mated using distribution-based methods (Jaeschke
et al., 1989; Crosby et al., 2003; de Vet et al., 2006).
The MIC was taken as equivalent to the standard error
of measurement (SEM), where:
SEM ¼ standard deviation x√ 1 Cronbach’s alphað Þ:
By using Cronbach’s alpha as a measure of reliabil-
ity, the MIC relates to the scale and is not an assess-
ment of the MIC within individuals.
Correlation tests were used to assess construct va-
lidity, with Spearman’s test used for data measured
at the ordinal, interval or ratio level and the point
biserial method used for data measured at the nominal
level. Grip strength data was split into males and
females for analysis. To assess the independent influ-
ence of age, sex and education on screening perfor-
mance, multivariable logistic regression models were
developed with screening tool score (dichotomized
into ≤7 and >7) as the dependent (outcome) variable.
Age, sex, education, GDS score and the presence of
dementia were forced into a multivariable model as
independent (predictor) variables. For multivariable
modelling multiple imputation was used to impute
19 missing values for GDS score and 4 missing values
for education level. Area under the receiver operating
characteristic (AUROC) curve was calculated to give
an overall assessment of the predictive ability of each
of the scales, with presence of clinical dementia (yes
or no) as the state variable.
Results
Four hundred and seventy-three people presented for
screening. Exclusions, with reasons are shown in
Figure 1. Therefore, data were available for 466 people.
Scores for the IDEA cognitive screen are
summarised in Table 1, together with demographic
and assessment data. Ninety-three (93.0%) of the
100 people who scored ≤9 (possible or probable de-
mentia) were assessed for the presence of dementia
by the study doctor (see Figure 1). Of these, three
could not be traced for a follow-up and four were
not followed up because of administrative errors. A
further 60 (16.4%) people were randomly selected
for follow-up and assessment from the 366 who
scored >9. This gave a stratified validation cohort of
153 (see Figure 1), 39 (25.5%) of whom were diag-
nosed with DSM-IV dementia.
Figure 1 Flow diagram of the recruitment process.
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Internal consistency
Factor analysis revealed a single component with an
eigenvalue of greater than one (2.222) explaining
37.0% of the variance. The loadings of each question
on the factor were: (1) (abstract reasoning item):
0.542, (2) (temporal orientation item): 0.725, (3)
(spatial orientation item): 0.581, (4) (verbal fluency
item): 0.588, (5) (delayed recall item): 0.696 and (6)
(praxis item): 0.484. Cronbach’s alpha was 0.534.
Interpretability
The MIC was estimated to be 1.993, based on a stan-
dard deviation for IDEA cognitive screen scores of
2.919. Median IDEA cognitive screen scores by age
band, sex, education level and clinical diagnosis are
presented in Table 2. The difference in the median
score for the no education and some education groups
was greater than the MIC. There was a general trend
towards lower median cognitive screen score with
age, with those in the 65–69 age group having a
median score of 14.0 and those in the 85years and
over group having a median score of 10.5.
Construct validity
The correlation between the IDEA cognitive screen
scores and age, sex, education, IDEA-IADL scores
and grip strength is shown in Table 1. There was a
significant correlation between higher cognitive
screen score (better cognition) and lower age, male
sex, having attended school, higher grip strength
and higher levels of ability in IADLs. Although those
who had not attended school performed less well
than those who had attended school, the interpreta-
tion of this finding is complicated by the fact educa-
tion is thought to be protective against dementia
(Prince et al., 2012; Mortamais et al., 2014). Further-
more females, who are generally at greater risk of
dementia than males, were less likely to have
attended school than males (189 of 254 (74.4%) fe-
males had attended school compared to 182 of 204
(89.2%) males). However, after adjusting for the
effects of age, sex, education, GDS score and the
presence of dementia in a logistic regression model,
the relationship between screening score and
Table 1 Scores for construct validation variables in each IDEA cognitive screen category and overall correlation
Score ≤7 Score 8 or 9 Score ≥10 Correlation
Number 41 59 366 —
Median age (IQR) 80.0 (73.0 to 85.0) 77.0 (70.3 to 81.0) 72.0 (67.0 to 79.0) r =0.314,
p< 0.001a
Number of females
(%)
35 (85.4%) 42 (71.2%) 184 (50.3%) r =0.271,
p< 0.001b
Number with some
formal education (%)
18 (46.2%), 2
missing values
36 (62.1%), 1
missing value
317 (87.8%), 5
missing values
r = 0.410, p< 0.001b
Male mean grip
strength in kg (SD)
23.8 (3.764) 23.8 (5.947), 1
missing value
30.3 (9.310), 11
missing values
r = 0.334, p< 0.001a
Female mean grip
strength in kg (SD)
14.2 (5.839), 5
missing values
18.3 (4.096), 3
missing values
21.1 (5.495), 13
missing values
r = 0.435, p< 0.001a
Median IDEA-IADL
questionnaire score
13 (4 to 30), 3
missing values
27 (15.5 to 32), 2
missing values
33 (27 to 33), 27
missing values
r = 0.397, p< 0.001a
IQR, inter-quartile range; SD, standard deviation.
aSpearman’s test.
bPoint-biserial correlation.
Table 2 Median IDEA cognitive screen scores by age band, sex,
educational level and clinical diagnosis
Median IDEA
cognitive screen
score (IQR)
Age band 65–69 years (n = 145) 14.0 (12.0 to 15.0)
70–74 years (n = 108) 12.0 (9.0 to 14.0)
75–79 years (n = 90) 13.0 (11.0 to 14.0)
80–84 years (n = 77) 11.0 (9.0 to 13.0)
85 years and over
(n = 46)
10.5 (8.0 to 12.3)
Sex Male (n = 205) 13.0 (11.0 to 15.0)
Female (n = 261) 12.0 (9.0 to 14.0)
Education
level
Attended school
(n = 371)
13.0 (11.0 to 14.0)
Never attended school
(n = 87)
10.0 (8.0 to 12.0)
Clinical
diagnosis
No dementia
(n = 114)
10.0 (8.0 to 13.3)
Dementia (n = 39) 7.0 (6.0 to 8.0)
IQR, inter-quartile range.
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education became non-significant, see Table 3. GDS
score was significantly correlated with IDEA cogni-
tive screen score in univariate analysis (r=0.322,
p<0.001), but not in multivariable analysis.
Criterion validity
The AUROC curve was 0.855 (95% CI 0.794 to
0.915) for the 153 people who had a clinical exami-
nation for the presence or absence of dementia, see
Table 4. At a cut-off of ≤7, sensitivity was 59.0%
and specificity 86.0% and at a cut-off of ≤8, sensitiv-
ity was 87.2% and specificity 67.5%. Although sensi-
tivity was higher at a cut-off of ≤8 than ≤7, the
likelihood ratio was higher at ≤7 than at ≤8 (4.21
and 2.68 respectively). The AUROC is similar to that
seen in a hospital setting, although a slightly higher
cut-off may be optimal if sensitivity is a priority
(Paddick et al., 2015b).
Floor and ceiling effects
Only four people (0.9%) scored zero and only nine
people (1.9%) scored four or less. However, higher
scores were more common, with 90 people (19.3%)
scoring the maximum of 15 points and 281 people
(60.3%) scoring 12 or higher.
Discussion
This is the first prospective community-based valida-
tion of a brief cognitive screening instrument in
SSA. The screening tool displayed good criterion va-
lidity and had an AUROC only slightly lower than
that seen on hospital-based validation (Paddick
et al., 2015a). The lower sensitivity seen in this com-
munity cohort is unsurprising. People who are well
enough to attended screening are likely to be in an
earlier disease stage than those who attend hospital.
As such, they may well perform adequately on
screening, despite being cognitively impaired. The
fact that many participants were in early stage dis-
ease may have also contributed to the fact that inter-
nal consistency in this community-based sample was
only moderate and lower than reported in a hospital
setting (Paddick et al., 2015a). Each of the six ques-
tions was designed to test a different domain of cog-
nitive function (Gray et al., 2014). Those in early
stage disease may have had fewer cognitive domains
affected than those in later stage disease, and so
scores on each question may have been less
consistent.
Previous reports of the community validation of
brief cognitive screening tools in SSA are very lim-
ited, and most previous validation have followed a
case–control approach. The ‘Test of Senegal’, devel-
oped by Touré et al. (2008) gave an AUROC curve
of 0.967 on comparison with the DSM-IV-R criteria.
However, with 39 questions, the test is too long for
community screening purposes. Baiyewu et al.
(2005) used a series of four stick design tests to dif-
ferentiate people with no cognitive impairment from
those with cognitive impairment but no dementia
and those with dementia. Across 724 subjects, the
AUROC was 0.779 when comparing the dementia
group with other participants. The 10/66 research
group have also developed a brief CSI-D for use in
low- and middle-income countries (Prince et al.,
2011b). Although some of the data used for internal
validation was from a community-dwelling sample
in Nigeria, external validation has not yet been
conducted.
Table 4 Criterion validity of the IDEA cognitive screen against DSM-
IV criteria
Score
≤7
Score 8
or 9
Score
≥10
Number 41 59 366
Seen for
DSM-IV
diagnostic
assessment
39 (95.1%) 54 (91.5%) 60 (16.4%)
Diagnosis of
dementia
23/39 (59.0%) 15/54(27.8%) 1/60 (1.7%)
Table 3 Multivariable logistic regression model to assess the
independent association between IDEA cognitive screening score,
education, age, sex and geriatric depression scale score
Odds ratio (95% CI) Significance
Age band
65–69 years 1 —
70–74 years 2.614 (0.476 to 14.353) 0.269
75–79 years 4.202 (0.742 to 23.806) 0.105
80–84 years 2.396 (0.408 to 14.080) 0.334
85 years and over 2.884 (0.450 to 18.502) 0.264
Female 3.096 (1.024 to 9.359) 0.045
Never attended
school
1.911 (0.756 to 4.826) 0.171
Clinical dementia
present
4.782 (1.789 to 12.783) 0.002
Geriatric
depression scale
score
1.051 (0.903 to 1.223) 0.519
CI, confidence interval.
The cut-off for the cognitive screening tool was ≤7.
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Using regression modelling we have investigated
the role of education on screening performance.
We wished to consider whether use of a higher
cut-off in those who have attended school (or a
lower cut-off in those who have not attended
school) may increase the specificity (or sensitivity)
of the instrument. The results of our analysis would
suggest that this is not justified.
Construct validity was assessed against a range of
measures, and all showed significant correlation in a
manner that was consistent with our original hypoth-
esis. The association of cognitive impairment with age,
sex, education and IADL score has been noted previ-
ously in Hai district (Longdon et al., 2013;
Collingwood et al., 2014). The correlation with grip
strength has been noted by authors in other world
regions (Alfaro-Acha et al., 2006; Wang et al., 2006;
Shin et al., 2012). Grip strength is thought to be an im-
portant indicator of frailty, with a notable recent
publication from a rural Ghanaian population
(Koopman et al., 2015). Although grip strength data
are likely to be confounded by other variables, partic-
ularly age, it is notable that the correlation between
grip strength and screening performance in females
was the highest of all variables considered. Although
most participants completed the grip strength test,
those with cognitive impairment often struggled to
understand the instructions given and this may have
increased the degree of the association. Why this
should be particularly the case in females merits fur-
ther study.
GDS score was used as a measure of depressive
symptoms. The lack of association between GDS
score and IDEA cognitive screen score after adjusting
for the effects of confounding variables suggests that
the screen should not falsely identify large numbers
of people with depressive symptoms, in the absence
of cognitive impairment, as requiring further cogni-
tive assessment. Our study was not designed as a
study of depression and as such our data are limited
in this regard. There is very little previous data on de-
pression across SSA (Gureje et al., 2010). A well-
funded study of depression aetiology and prevalence
in SSA is needed to complement the growing body
of knowledge on dementia in the region.
The screen also appears to have good interpret-
ability, with clear differences in score between sub-
groups, in a manner that would be expected.
However, the MIC should be interpreted with cau-
tion. It should be noted that the MIC relates to
differences in scores for different sub-groups at a
single assessment and should not be considered an
estimate of the MIC within an individual upon re-
test. The IDEA cognitive screen was designed as a
brief screen for cognitive impairment in people with
low literacy levels that could be used by non-
specialist healthcare workers. Therefore, it may be
too brief to act as a useful instrument to detect
changes in cognitive function over time. The relative
simplicity of the screen may also explain the
observed ceiling effect, with over half of all subjects
scoring 12–15 points. The screen was not designed
to distinguish those with good cognitive function
from each other and during the design phase em-
phasis was placed on discrimination between those
with and without dementia whilst keeping the
instrument as concise as possible. Increasing the
complexity of the screen, and so the time taken to
complete an assessment, by inclusion of items to
discriminate between higher levels of cognitive func-
tion could not be justified.
Limitations
Those who were physically unwell or disabled were
much less likely to attend for screening at the village
health centre. This is likely to have resulted in some
selection bias. We offered home visits to patients
identified as frail by village enumerators to try to
minimise the impact of this and 11 participants were
recruited in this way. Nevertheless, if people with de-
mentia living in rural communities in SSA are to be
identified, such screening events are likely to be one
of the most effective, and sustainable, methods of
identifying people with cognitive impairment. Those
included in this study are likely to be representative
of those who would be screened if the instrument
were used routinely.
The MIC was calculated using distribution-based,
rather than anchor-based, methods. We recognise
the limitations of this approach and accept that use
of both distribution-based and anchor based methods
is generally seen as a gold standard (Crosby et al.,
2003; de Vet et al., 2006). Further work, specifically
aimed at estimating the MIC, using an appropriate
anchor is needed to refine the estimate provided here.
Nevertheless, the estimate given does not seem unrea-
sonable based on our subjective experience.
Conclusions
The IDEA cognitive screen appears acceptable as a cog-
nitive screen in this setting. Good content validity and
inter-rater reliability have been demonstrated in previ-
ous studies (Gray et al., 2014; Paddick et al., 2015a).
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High criterion validity, construct validity and inter-
pretability were observed when used to screen for
dementia in this rural community-based Tanzanian
population. Only moderate internal consistency may
partly reflect the multi-domain nature of dementia as
diagnosed clinically and the likely early disease stage
of many of those screened.
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Key points
• We aimed to validate the IDEA cognitive screen
in a community-based sample in rural Tanzania.
• Criterion validity was assessed against clinical
diagnosis of dementia, giving an area under the
receiver operating characteristic curve of 0.855.
• Higher scores on the screen were significantly
correlated with lower age, male sex, having
attended school, better grip strength and
improved performance in activities of daily
living.
• The IDEA cognitive screen had high criterion
and construct validity and is suitable for use as
a cognitive screening instrument in a
community setting in SSA.
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20. Commentary on Key Paper 2 
Community validation of the IDEA six item cognitive screen in rural Tanzania (Cohort 4a) 
20.1. Overview 
This paper presents a community validation of the IDEA 6-item screen in a sample of 466 rural 
dwelling older adults assessed as part of a widely advertised dementia screening programme in May 
2014. In addition to assessment for diagnostic accuracy or criterion validity, this paper considers 
construct validity, interpretability in terms of minimally important change, internal consistency and 
floor and ceiling effects of the IDEA six-item screen. A similar methodology is used to that described 
in Key Paper 1, but with the advantage of collaborative histories for almost all participants, and 
follow-up home visits for diagnostic clarification. This study also reports feasibility of use of the six-
item screen in primary care, administered by health workers from different backgrounds in a rural 
setting. Dara collection for this study took place between March and August 2014.  
Materials and methods 
This study took place in six villages in rural Hai, selected from those not involved in previous 
epidemiological studies of dementia by our team. A dementia screening programme was widely 
advertised as part of an awareness raising programme taking place as part of the IDEA study. 
Community stakeholders including Christian and Muslim religious leaders, the District Medical 
Officer and village committees were involved in the study and agreed to announce the screening 
programme at community meetings and in the local mosques and churches in the week before the 
screening took place. Screening took place in rural health centres or village offices in villages without 
a separate health centre to avoid participants having to travel. 
Participants self-referred or were referred by a family member or village health care worker. To 
avoid bias towards the fittest older people, home assessments were offered to any older person 
who in the opinion of the village health worker would have difficulty attending the health centre. 
Village health workers were asked to produce lists of frailer older people who might benefit from 
screening, and to approach these individuals and ask if the IDEA team could visit and explain the 
study.  
Screening 
The IDEA screen was administered by one of 9 trained screeners who were primary health care 
workers or health professionals working within the local area. Of those 466 screened,  a randomised 
sample of 153 individuals underwent a detailed clinical assessment for dementia by DSM-IV criteria 
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blind to the outcome of the IDEA six item screen (93% of 100 with possible or probable dementia 
(IDEA screen 9 or below), alongside16.4% of 366 with no dementia on screening randomly selected 
through drawing lots).  
 
Figure 11. Study flowchart 
Clinical assessment for dementia 
Clinical assessment was similar to that detailed in cohorts 2 and 3 and included detailed bedside 
cognitive assessment, focussed mental state examination, neurological examination (and further 
physical examination where appropriate) as well as history of dementia risk factors. A detailed 
informant history for cognitive and functional impairment was obtained for all participants, and in all 
but one case this was from a family member who lived with, or close by the participant. Depression 
was screened for using the Geriatric Depression Scale (GDS). The GDS has previously been used in 
epidemiological research in sub-Saharan Africa but has not previously been validated in this setting. 
In cases of diagnostic doubt, further discussion with a UK based old age psychiatrist took place, and 
in a small number of cases follow-up assessment took place at the participant’s home 2-3 months 
later in order to clarify diagnosis. These were cases where the history from the informant was not 
initially clear enough to prove a six month history for dementia diagnosis, or where severe 
depression by DSM-IV criteria was present, and it was not clear whether there was also an 
underlying dementia.  
Other assessments for validity and reliability of the IDEA six-item screen in this setting 
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In addition to assessment for dementia by DSM-IV criteria for assessment of criterion validity, a 
number of other scale properties were examined. These included construct validity, interpretability, 
internal consistency and determination of minimally important change for interpretability. 
Construct validity was examined through correlation with predictor variables. These included age, 
gender, previous formal education, frailty (using grip strength as a surrogate marker), functional 
ability measured by the IDEA-IADL (discussed in Key Paper 3) and number of symptoms on the 
Geriatric Depression Scale (GDS) 15 item. 
Internal consistency was re-examined in this cohort using Cronbach’s Alpha and factor analysis also 
used to identify the number of latent traits within the scale (as determined by an Eigenvalue over 1). 
The minimally important change was estimated using Cronbach’s alpha as a measure of reliability. 
The independent relationship between education and IDEA six-item screen score was further 
examined in this study. Age, sex, education and GDS score were assessed using multivariable 
regression using positive IDEA screen score as the dependent variable.  
20.2. Results 
A total of 39 individuals (25.5%) of the randomised sample met criteria for DSM-IV dementia. The 
proportion who had never attended school was 19%. Criterion validity was high (AUROC 0.855 
(0.794-0.915)) for DSM-IV dementia. Sensitivity at the previously validated cut-off of 7/15 was low 
(59%) improving to 87.2% at 8/15, with specificities of 86.0% and 67.5% respectively. Internal 
consistency was moderate (Cronbach’s alpha 0.534). I felt this was because the IDEA screen was 
deliberately designed to screen all lobes of the brain and that this reflected the wide variety of 
impairments seen clinically. Nevertheless on factor analysis there was only one factor with an 
Eigenvalue over one, indicating that the scale measures one underlying construct. 
As might be expected, higher scores on the IDEA screen were correlated with male gender, less 
frailty (measured through surrogate marker grip strength), younger age, and previous formal 
education. The minimally important change (MIC) was estimated at 1.93 (2 points) for the scale as a 
whole. The IDEA six-item screen appears to have construct validity in terms of correlation with 
factors commonly expected to be associated with cognitive performance in dementia studies.  
Education 
Education did appear to affect scores, with those without education scoring lower on the IDEA six-
item screen. The difference in median score between those with and without formal education was 
larger than the minimally important change (MIC) value. Nevertheless, education was no longer a 
significant predictor of positive IDEA screen score when entered into a logistic regression model 
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controlling for age, gender, presence of dementia and GDS score. Likewise number of symptoms on 
the GDS correlated with idea screen score, but on multivariable regression controlling for other 
variables, depression was no longer a significant predictor.  
Illiteracy and lack of formal education are well recognised as risk factors for dementia, and this 
aspect has been discussed in the Introduction to this study. In our original prevalence study 
education was associated with dementia on univariable but not multivariable analysis, but the 
reasons for this are unclear. Other tools used by our team in rural Hai for cognitive assessment had 
clear educational bias because illiteracy was independently related to a positive cognitive screen for 
dementia but not for dementia by DSM-IV criteria. This does not appear to be the case for the six-
item screen in the hospital and community studies completed.  
Very few people scored at floor level, with very few scoring 4 or below. In contrast more than half of 
individuals scored 12 or more indicating significant ceiling effects. This is not a failing of the screen, 
since we would expect most cognitively intact older people to score at ceiling on a brief screening 
tool.  
20.3. Strengths and limitations of Key Paper 2 
Criterion validity 
Clinical diagnoses were made by the study doctor, with access to advice from a specialist in old age 
psychiatry in the UK where necessary. A major strength of the clinical diagnoses in this study were 
the access to an informant history for cognitive and functional decline obtained from an individual 
living with or in regular contact with the participant. Only one participant was not able to identify a 
suitable informant. Follow-up visits were also available for diagnostic clarification, usually where it 
was difficult to differentiate dementia and depression. Dementia subtypes were diagnosed on 
clinical criteria only, with the limitation that no neuroimaging was possible since the CT scanner used 
in the original study was no longer functioning. Nevertheless a more robust method would have 
been a formal consensus panel validation of diagnoses by DSM-IV criteria. 
Depression 
With regard to depression, the GDS has previously been used in epidemiological research in Nigeria, 
and was translated by health workers with a mental health background and previous experience of 
dementia research. It is important to note that no formal validation of the 15 item GDS (or in fact 
longer versions) has taken place in Tanzania or in older adults in sub-Saharan Africa. However 
because resources for validation of the GDS were not available to us, we felt that use of the GDS was 
justifiable. Although a focussed mental state examination was completed at each assessment, a full 
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history for depression was not obtained. Individuals with low scores on the GDS were not 
questioned extensively on presence of depression symptoms and therefore it is possible that cases 
of milder depression may have been missed.  
The MIC was calculated using Cronbach’s alpha as a measure of validity, and therefore relates to the 
scale as a whole. The MIC between individuals cannot be reliably calculated through this method so 
should not be used a measure of within-individual change. 
The association of education and IDEA six-item screen score is difficult to disentangle. In this study, 
those with and without formal education differed in median six-item screen score, and this 
difference was larger than the 2 point calculated MIC score. However, in this study, as in Key Paper 1 
previous formal education was associated with IDEA six item screen on univariable but not 
multivariable analysis, in this case controlling for age, gender and number of depression symptoms. 
This showed that a positive IDEA screen score was not independently associated with previous 
formal education, taking these other variables into account. For this reason, varying the screening 
cut off in this setting for level of education may not be justified. As identified in the Introduction, 
adjustment of screening score for level of education can have the effect of reducing validity of the 
screening instrument used  
Another possible limitation is that the primary health care workers carrying out this study had 
received training in dementia including communication skills and carrying out cognitive assessment. 
Whilst this would of course be the ideal situation, we should be mindful that this screening test may 
be used by people without this training and consider the effect of this on diagnostic accuracy.  
We were unable to carry out inter-rater reliability between raters in this study, although work 
presented in Key Paper 1 indicates that inter-rater reliability for the six-item screen is high.  
20.4. Outcome of Key Paper 2 
This paper presents a repeat criterion validation of the IDEA-six item cognitive screen in the context 
of a community dementia screening programme and in a high-prevalence randomised sample of 
individuals aged 65 and over. In terms of feasibility, cognitive screening was completed by a range of 
primary health care workers typical of those likely to use the IDEA six-item screen in this setting. 
Clinical diagnoses were more robust than those in the initial validation due to almost complete 
availability of informant histories and follow-up interviews. Absence of delirium, as expected in this 
community sample, meant that consideration of performance of the IDEA six-item screen in 
differentiating dementia and delirium was not necessary. Due to the lower sensitivity of the 
previously determined cut-off score of 7 in this setting (59%), a cut-off score of 8 or below should be 
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used for dementia in community/primary care. This may be in part due to the absence of delirium in 
this setting, as these individuals might be expected to achieve very low scores.  
Figure 12. Matchstick construction task attempts 
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Background: The dementia diagnosis gap in sub-Saharan Africa (SSA) is large, partly due to difficulties in
assessing function, an essential step in diagnosis.
Objectives: As part of the Identification and Intervention for Dementia in Elderly Africans (IDEA) study, to
develop, pilot, and validate an Instrumental Activities of Daily Living (IADL) questionnaire for use in a rural
Tanzanian population to assist in the identification of people with dementia alongside cognitive screening.
Design: The questionnaire was developed at a workshop for rural primary healthcare workers, based on
culturally appropriate roles and usual activities of elderly people in this community. It was piloted in 52
individuals under follow-up from a dementia prevalence study. Validation subsequently took place during a
community dementia-screening programme. Construct validation against gold standard clinical dementia
diagnosis using DSM-IV criteria was carried out on a stratified sample of the cohort and validity assessed
using area under the receiver operating characteristic (AUROC) curve analysis.
Results: An 11-item questionnaire (IDEA-IADL) was developed after pilot testing. During formal validation
on 130 community-dwelling elderly people who presented for screening, the AUROC curve was 0.896 for
DSM-IV dementia when used in isolation and 0.937 when used in conjunction with the IDEA cognitive
screen, previously validated in Tanzania. The internal consistency was 0.959. Performance on the IDEA-
IADL was not biased with regard to age, gender or education level.
Conclusions: The IDEA-IADL questionnaire appears to be a useful aid to dementia screening in this setting.
Further validation in other healthcare settings in SSA is required.
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T
he population of sub-Saharan Africa (SSA) is
ageing rapidly with an associated increase in
non-communicable diseases, such as dementia,
presenting a challenge to already scarce healthcare and
human resources. In 2013, there were estimated to be
1.31 million people with dementia in SSA, which will rise
to a projected 5.05 million people by 2050 (1). Despite
this, the diagnosis of dementia in many parts of SSA
can be problematic due to a severe shortage of specialist
physicians, such as neurologists, psychiatrists, and geria-
tricians (2, 3), and an estimated 200 times fewer trained
mental health workers in SSA in comparison to Eur-
opean countries (24). The World Health Organization
(WHO) have developed the Mental Health Gap Action
Programme (mhGAP) (5) to help address some of the
issues around identification and management of people
with mental health problems in low- and middle-income
countries (LMICs). In line with the mhGAP, the WHO
Global Health Action
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recommended strategy for diagnosis and management
of chronic disease and mental disorders in low-resource
settings is one of task shifting. Task shifting aims to
support and enable non-specialist and primary care
workers to provide services delivered by specialists and
physicians in higher resourced settings (6, 7). This ap-
proach requires use of clearly defined protocols alongside
brief assessment tools designed and validated for use
in these low-resource environments with high sensitivity
and specificity to assist clinical decision making. Un-
fortunately, assessment tools for dementia designed for
use in SSA are currently few, especially those designed for
use by non-specialists in primary care.
Cognitive screening tools designed for use in SSA are
currently few, despite the difficulties of assessing cogni-
tion in this predominantly low-literacy setting. The
Community Screening Instrument for Dementia (CSI-D)
has been previously validated in Nigeria (8) and Kenya
(9) and used in research studies, but is too lengthy for
routine screening. A brief CSI-D has been developed by
the 10/66 research group from data collected as part of
a series of prevalence studies (10). However, it has not
yet been externally validated, and the data used for its
development were from India, China, and Latin America
where background education levels are likely to be much
higher than in many areas of SSA. A brief screening
instrument [the IDEA (Intervention for Dementia in
Elderly Africans) cognitive screen] has been developed
and validated by members of our team, specifically for
use in SSA. It is intended to minimise educational
bias (11).
Used alone, cognitive screening is not adequate as a
clinical decision aid, even if using tools specifically
designed for SSA. Poor performance may be due to
physical illness, sensory impairment or lack of confidence
rather than cognitive impairment or dementia. A collat-
eral history from an informant is also required, and
functional assessment tools are necessary to assist staff
in identifying those with likely dementia, as well as
forming a core part of the formal diagnostic criteria
for dementia. Functional assessment is generally agreed
to include two main elements: activities of daily living
(ADLs) and instrumental (or extended) activities of
daily living (IADLs). ADLs are basic self-care activities
such as bathing, feeding, and dressing independently.
Assessment of these is often useful in identifying care
needs and dependence. IADLs are more complex activ-
ities generally agreed to be affected earlier in cognitive
impairment as they require more intact neurocognitive
abilities to complete (12).
A number of IADL assessment tools exist, with the
most widely used being the Lawton IADL scale (12).
Used alone, the Lawton IADL scale is reported to have a
sensitivity of 0.850.90 and specificity of 0.660.98 in
identifying dementia (13). Most IADL scales have been
developed in high-income countries, and assume inde-
pendent living. In LMICs, cultural norms and social roles
differ, and existing IADL scales are often inappropriate,
particularly where multigenerational living is common,
and older people may not be directly responsible for
household tasks measured on existing scales. Perfor-
mance on other tasks may be restricted by lack of
availability or access to amenities such as transport, or
adherence to traditional gender roles. These issues in
functional assessment are well recognised and have been
previously thought to be responsible for falsely low de-
mentia prevalence rates reported in LMICs, particularly
those in SSA. Culturally appropriate IADL scales have
been developed for use in LMICs (see Table 1). A culturally
specific, semi-structured assessment of IADL to assist
in dementia diagnosis has been developed in Nigeria,
but must be conducted by a trained clinical assessor and
requires a home visit (14).
Aims
Our aim was to develop and validate a brief, and
culturally appropriate, assessment of IADL, suitable for
use by primary healthcare workers in identifying demen-
tia in SSAwhen combined with a cognitive screening tool
(15). It is hoped that, after completing cognitive and
functional assessment, a village health worker would feel
confident in choosing an appropriate referral pathway
and be able to offer advice to patients and their families.
Method
Ethics
Ethical approval for the pilot fieldwork testing and
subsequent validation was given by the National Institute
of Medical Research, Dar-es-Salaam, Tanzania. Addi-
tional ethical approval for the validation work was given
by Kilimanjaro Christian Medical University College,
Moshi, Tanzania.
Setting
The study was conducted in six villages in the Hai dis-
trict of Tanzania. Tanzania is a low-income, developing
country; the average life expectancy is 61 years, with
around 5% of the population aged 65 or over (16). Hai
district is largely rural, and situated at the base of Mount
Kilimanjaro, in the north of the country. There are two
government hospitals in Hai and numerous dispensaries
and smaller health centres.
Since 1992, Hai has contained a demographic surveil-
lance site (DSS) (17). The DSS had a population of
161,119 in 2009, most of whom are subsistence farmers
(15). Each village within the Hai DSS has one or two
healthcare workers or enumerators with responsibilities
for carrying out regular population censuses and complet-
ing public health activities under supervision from the
Cecilia Collingwood et al.
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District Medical Officer. Enumerators reside within the
villages for which they are responsible and are well-
respected members of their community. They have con-
siderable experience of research projects focussing on
chronic diseases and older adults.
Development of the IDEA-IADLs questionnaire
To facilitate the development of an IADL questionnaire
for use in the IDEA study (the IDEA-IADL question-
naire), a workshop was held with all district enumerators
and local healthcare workers. In total, 55 people attended
the workshop. Prior to attending this workshop, the
enumerators had received extensive training on dementia
as part of a prevalence study conducted in 2010 (15).
Additionally, enumerators had obtained practical experi-
ence of screening for dementia using the CSI-D. The
workshop was facilitated by A.K. and S.-M.P.
It was explained to the group that assessment of
functional impairment was reported to be difficult in
traditional societies because assessment tools were gen-
erally designed for use in high-income countries with
different cultural expectations of older individuals. The
groupwas therefore asked to list, based on their experience
in their local communities, those activities that would
be expected of an elderly person, regardless of gender.
It was stressed that this should be regardless of physical
Table 1. Instrumental activities of daily living scales devised for use in low- and middle-income countries
Author, year
Location,
setting Development method Validation sample
Validation
method Key findings
Senanarong et al., 2003
(THAI-ADL) (28)
Thailand,
community
and specialist
clinic
Specialist panel
discussion
181 memory clinic
attendees; mean
age 69 years
Agreement
with Thai
MMSE FAQ,
Barthel, CDR
Correlation with Thai
MMSE (r0.69), CDR
(r0.81), Barthel Index
(r0.80) and FAQ
(r0.88)
Jitapunkul et al., 1994
(Chula ADL) (29)
Thailand,
community
sample
Factor analysis of items
from the Barthel index
and Office of Populations
Censuses and Surveys
(OPCS) disability score
703 people aged 60
years and over;
mean age 68 years
Agreement
with OPCS
and Barthel
Index
Aim of scale was to
measure disability
appropriately in local
population
Umayal et al., 2010 (30) Sri Lanka,
nursing home
population
Validation of a modified
Blessed dementia scale
and Bristol ADL. Scores
were modified by expert/
clinician opinion
Nursing home
residents aged 65
years and over;
mean age 73 years
Dementia
ICD-10 criteria
by consultant
psychiatrist
Modified Bristol scale:
AUROC 0.933.
Sensitivity 100%,
specificity 74.2%
Modified Blessed scale:
AUROC 0.892.
Sensitivity 100%,
specificity 71%
Fillenbaum et al., 1999
(EASI) (31)
Kerala, India
low-literacy
community
Community discussion
with elders and health
workers related to usual
social roles and activities
of the elderly
Pilot testing 100
people, initial
validation 387
people aged 55
years and over;
mean age 69.5
years
Hindi MMSE
scoreB22
Cronbach’s
alpha0.82. Lower
scores in females, older
people, illiterate people
and those with lower
cognitive function
Mathuranath et al., 2005
(E-ADL) (32)
India memory
clinic
Development and
validation of scale based
on Lawton IADL. Input
from senior citizens
group and clinicians on
suitable IADL
Validation on 240
memory clinic
attendees and 135
controls from
background
population
DSM dementia AUROC 0.97.
Sensitivity 0.91,
specificity 0.99
Hendrie et al., 2006
(CHIF) (14)
Nigeria Expert opinion of
clinicians. Also took into
account ‘items usually
included in assessments
of ADL’
Community sample
of 295
DSM dementia
Blessed
dementia
scale, MMSE
AUROC 0.925 for
dementia
Cronbach’s alpha 0.83
Correlated with Blessed
DS 0.56 and MMSE 0.44
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disability or sensory impairment (e.g. poor eyesight or
hearing). To avoid biasing the responses obtained, no
existing IADLs scales were discussed at the workshops.
Activities were suggested and then discussed with the
wider group until a consensus was reached. The discus-
sion was facilitated by a registered nurse with experience
of working in the Hai district with people with dementia.
It was felt that, in most circumstances, the family or
community would attempt to assist the elderly person in
carrying out roles or tasks that they found difficult, and
therefore a graded response to each question, rather than
a dichotomous (yes/no), answer would be more appro-
priate. No attempt was made to model answers upon an
existing assessment scale or to modify an existing scale.
Pilot fieldwork testing of the IDEA-IADL
questionnaire
The IDEA-IADL questionnaire developed was piloted
on 52 people identified and followed up as part of a
dementia prevalence study (15). The scale was adminis-
tered by a healthcare worker (nurse, clinical officer or
assistant medical officer) who recorded responses from
an informant (a close relative or friend of the partici-
pant). All healthcare workers who administered the
questionnaire had been involved in the original develop-
ment of the scale and subsequent discussion.
Diagnosis of dementia and mild cognitive impairment
during pilot fieldwork testing
Once the IADL questionnaire had been administered,
formal assessment for cognitive impairment was carried
out by a research doctor (S-M.P.) who was blinded to
the results of the IDEA-IADL questionnaire. All partici-
pants had a cognitive examination which included orien-
tation, delayed recall, an assessment of attention and
concentration (days of the week backwards), an assess-
ment of language ability based on a structured conversa-
tion and ability to follow complex commands. A brief
neurological and physical examinationwas also conducted
and patients assessed regarding known dementia risk
factors. Screening for depression was carried out using
the geriatric depression scale (GDS) with further clinical
assessment if indicated. An informant interview was
completed in line with DSM-IV guidelines (18). Dementia
diagnosis was based on DSM-IV dementia criteria (18).
Mild cognitive impairment diagnosis was based on inter-
national consensus criteria (19).
Community validation of the IDEA-IADL
questionnaire
Participation in the study was on a voluntary, self-referral
basis. A few days before the research team came to each
village, information about the study, including what
participation involved, was announced in local religious
meetings and by local enumerators, with support from
the village committee. Any residents aged 65 years or over
wishing to take part, or any family members wishing to
refer a relative, were invited to attend one of three
screening days in each village. All participants were asked
to attend with a relative or carer able to give an informant
history. Eleven people were identified by village enumera-
tors as too frail to attend screen and were visited at
home.
Screening days took place at local village offices. Given
the voluntary nature of participation, after dissemination
of information about the study, consent was assumed for
those who volunteered for screening. To avoid selection
bias, any older people who wished to take part in the
study, but were physically unable to attend screening
days, were visited at home. Information was collected,
on the participants’ gender, age, literacy, and educa-
tional level. Contact information for each participant was
recorded to allow follow-up.
Functional assessments and cognitive screening
Function was assessed using the IDEA-IADL question-
naire and the Lawton IADL scale (12). Assessments were
conducted by local healthcare workers who were blinded
to all cognitive assessments. Both assessments were trans-
lated into Swahili and back translated prior to use.
Cognitive screening was conducted using the validated
IDEA cognitive screen (11). The screen was administered
by a local healthcare worker who was blind to the DSM-
IV diagnosis and all functional assessments and who had
attended a 4-day training course regarding dementia and
use of the screening instruments. Subjects can score 015
points, with zero reflecting the lowest cognitive perfor-
mance and 15 the highest cognitive performance. A score
of 89 was taken to indicate possible dementia and a
score of 57 probable dementia (11).
The assessors were asked to indicate on the study pro
forma whether, in their opinion, the informant was felt to
be reliable. The informant was considered unreliable if
they were a non-relative (e.g. neighbour) who on ques-
tioning rarely came into contact with the participant and/
or the information given by the informant largely contra-
dicted the impression the interviewer had of the partici-
pant based on cognitive screening.
Diagnosis of dementia during validation
As during pilot fieldwork testing, DSM-IV diagnosis was
provided by a UK-based research psychiatrist (S-M.P.)
whowas blind to the results of the cognitive and functional
assessment conducted by the healthcare workers. Where
diagnoses were in doubt, cases were discussed with a UK-
based consultant in old age psychiatry.
Based on their IDEA cognitive screen scores, a strati-
fied sample was followed up and underwent full clinical
diagnostic assessment. The aim was to assess all those
with probable and possible dementia aswell as a randomly
selected 10% of those with no dementia (scoring9).
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Random selection involved blindly picking participant’s
numbers out of a container.
Informants who failed to attend for a full diagnostic
assessment interview were asked to attend on a subse-
quent day and, where this was not possible, were followed
up on home visits by the clinician.
Statistical methods
Data analysis
Statistical analysis was conducted using Microsoft Excel
2010 and IBM SPSS statistics version 2.1. All data were
found to be non-normally distributed and therefore sum-
marised in terms of median, inter-quartile range (IQR),
and range. The significance level was set at 5% and two-
tailed significance tests used throughout. Cronbach’s
alpha was used as a measure of internal consistency and
factor analysis used to investigate underlying latent traits
within the scale. For factor analysis, the method of
principal components was used and a varimax rotation
applied to aid data analysis. Area under the receiver
operating characteristic (AUROC) curve was calculated
to give an overall assessment of the predictive ability of
each of the scales, with presence of clinical dementia (yes or
no) as the state variable.
To identify the most appropriate weighting to give to
the IDEA cognitive screen and IDEA-IADL question-
naire when combined into a single measure, binary
logistical regression analysis was performed using the
screening instrument scores as covariates and presence of
clinical dementia (yes or no) as the outcome variable.
Regression coefficients were converted to weights using
the method of Sullivan et al. as part of their work on the
Framingham Study (20). Linear regression was used to
investigate the influence of age, gender, and education
level on IDEA-IADL scores after adjusting for the
influence of dementia diagnosis. The model validity was
assessed by examination of eigenvalues, studentised resid-
uals, and tolerance.
There were very few missing values and these appeared
to be missing completely at random and non-informative.
No attempt was made to impute these data, and these
data were omitted from the analysis.
Results
A flow diagram summarising the steps in the develop-
ment, and validation of the IDEA-IADL questionnaire is
shown in Fig. 1.
Development of the IDEA-IADL questionnaire
Health workers and enumerators from 52 villages within
the DSS took part in the workshop. In addition, a
number of other health workers involved in research
projects attended the workshop including the community
psychiatric nurse for the Hai district, and assistant
medical officers and clinical officers with public health
responsibilities.
A questionnaire consisting of 12 questions each scored
from zero (‘cannot do this’) to three (‘can do it with no
problems, do not need help’) was constructed based on
the responses from participants. The questions included
are shown in Table 2. The questionnaire was developed in
Swahili and later translated into English for those team
members not familiar with Swahili.
Pilot fieldwork testing
Of the 52 participants in pilot fieldwork testing of the
IDEA-IADL questionnaire, 28 had normal cognition, 14
had mild cognitive impairment, and 10 had dementia. It
rapidly became evident that one item initially included on
the scale (‘they make their will and testament and make
decisions on their property after they have gone’) was not
suitable for inclusion in the scale as some health workers
were uncomfortable asking this question, although they
felt it was an important part of an elderly person’s role.
The question was only answered by 22 participants
(42.3%) and was not included in subsequent analyses.
No attempt was made to replace the item with another
question as it was felt all items of interest had been
considered.
Cronbach’s alpha for the remaining 11 questions was
0.904, indicating high internal consistency. When the
presence of dementia was used as the outcome variable,
the AUROC curve was 0.814 [95% confidence interval
(CI) 0.6890.939] for the questionnaire. At a cut-off of
523 as indicative of dementia, sensitivity was 80.0% and
specificity 78.6%.
Validation
Of a total 455 who presented for screening, six were
excluded (one unable to speak or communicate, one due
to acute medical illness requiring immediate hospital
admission, and four left the screening event before
screening was completed). For the latter four partici-
pants, it was assumed that consent had been withdrawn
and they were excluded from all analyses. Of the 449
participants for who data were collected, 32 (7.1%) were
excluded from the study after screening data was
collected. Fourteen (3.1%) were excluded because the
informant was deemed unreliable in the opinion of the
interviewers, 12 (2.7%) were excluded because a reliable
informant could not be identified, and six (1.3%) were
excluded due to incomplete IADL data. Thus, complete
IDEA-IADL questionnaire and Lawton IADL scale
scores were available for 417 subjects (see Fig. 1).
For the IDEA-IADL questionnaire, Cronbach’s alpha
was 0.959 indicating high internal consistency. Factor
analysis revealed only one factor with an eigenvalue
greater than one, explaining 71.6% of the variance in the
model. Table 3 shows the component matrix for the first
three factors, their eigenvalues, and the percentage of
IADLs assessment in sub-Saharan Africa
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variance explained by each component. The question-
naire took a median of 5 min (IQR 37, data available for
320 people) to administer.
Scores for the IDEA cognitive screen are summarised
in Table 4, together with demographic data. Ninety-two
of the 97 people who scored 59 (possible or probable
dementia) had IADL data available (see Table 4 and
Fig. 1). Of these, one could not be traced for a follow-up
and four were not followed up due to addition errors in
their scores, such that they were initially thought to have
QUESTIONNAIRE DEVELOPMENT
n=55 healthcare workers
n=52 participants: 28 with normal
cognition, 14 with mild cognitive
 impairment and 10 with dementia 
PILOT FIELDWORK TESTING
Participants screened: n=449 
Not fully screened: n=6 (1.3%)
Left before screening completed: 4
Unable to speak or communicate: 1
Became acutely unwell: 1
Full data set available: n=417
Excluded : n=32 (7.1%)
Informant not reliable: 14
Informant could not be identified: 12
Missing IADL data: 6
Not followed up: n=5 (5.4%)
Error calculating cognitive
screening score: 4
Unable to trace: 1
COMMUNITY VALIDATION
Attended screening: n=455
No dementia on
screening: n=325
Probable or possible dementia
on screening: n = 92
Randomly selected for
follow-up clinical
DSM-IV dementia
assessment: n=43
Follow-up clinical DSM-IV
dementia assessment: n=87
Validation cohort: n=130
Fig. 1. Flow diagram of the IDEA-IADL development and validation process.
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scored 9. Thus, 87 people with possible or probable
dementia were followed up and clinically assessed for
dementia by the study doctor. A further 43 randomly
selected people who scored 9 were also followed up
and clinically assessed. This gave a validation cohort of
130 (see Fig. 1), 35 (26.9%) of whom were diagnosed with
DSM-IV dementia. With the presence of dementia used
as the outcome measure, AUROC curves for the IDEA
cognitive screen, the IDEA-IADL questionnaire, and the
Lawton IADL scale are summarised in Table 5.
Logistic regression analysis indicated that, if combined
as a singe measure, the IDEA cognitive screen and the
IDEA-IADL questionnaire items should be weighted in a
ratio of 5:1, respectively, as shown in Table 6. After doing
this, the AUROC curve for the combined score was
calculated and is shown in Table 5. Although both screen-
ing tools performed well independently, combined use of
the IDEA cognitive screen and IDEA-IADL question-
naire resulted in an AUROC curve of 0.937 (0.8960.979),
compared with cognitive screening only (0.846; 95% CI
0.7760.915) or IDEA-IADL alone (0.896; 95% CI,
0.8420.951).
Finally, linear regressionwas used to investigatewhether
the IDEA-IADL questionnaire was biased to age, gender,
or education. Dementia diagnosis (yes or no) was included
in the model since it is known to be strongly associated
with each of these variables. As shown in Table 6, only
dementia diagnosis emerged as an independent predictor
of IDEA-IADL score, suggesting the questionnaire to be
unbiased to each of the other variables.
Discussion
Efficient and effective identification of people with de-
mentia is an important first step in reducing the diagnosis
and treatment gap that exists in many countries in SSA.
A case-finding approach, in conjunction with a basic
training programme on recognition of dementia, has
been employed in similar low-resource settings, including
Brazil (21) and India (22). This approach has had only
moderate success, in part, due to the lowoverall prevalence
of dementia in the community. Our suggested approach,
based on validated screening tools, is likely to be more
effective andwould be in keeping with the protocol driven
WHO mhGAP strategy (5).
The aim of this study was to develop an IADL
questionnaire that could act as a clinical decision aid in a
low-resource setting. Impairment in IADLs has been
Table 2. Twelve questions initially included in the scale
Swahili English translation
1 Wanatoa historia They give histories of the family, their life, past events
2 Wana suluhisha They settle conflicts
3 Wanasaidia shughuli ndogo ndogo They assist in small works in the home
4 Wanatoa ushauri They give advice
5 Wanadumisha na kufundisha mila/unyago They teach the traditions of society
6 Ni walinzi wa nyumbani They watch over the house when others are out
7 Wanatunza wajukuu They look after the grandchildren
8 Wanatoa ushawishi Persuasion or changing people’s ideas for the better
9 Wanasaidia katika maswala mazito kama sherehe They preside over feasts and ceremonies
10 Wanapangia watu majukumu Delegation of responsibilities to others
11 Wanasimamia haki They fight for justice within the family and the community. They ensure fairness
12a Wanafanya mirathi They make their testament and decide on division of possessions after they
have gone
aAfter pilot fieldwork, this question was removed for the scale because many people were unwilling to answer questions on this sensitive
topic.
Table 3. Factor analysis of IDEA-IADL scores
Component
1 2 3
Eigenvalue 7.881 0.718 0.411
Variance explained (%) 71.6 6.5 3.7
Factor loadings
Question 1 (give histories) 0.854 0.245 0.027
Question 2 (settle conflicts) 0.864 0.165 0.016
Question 3 (assist in house) 0.784 0.411 0.300
Question 4 (give advice) 0.895 0.135 0.119
Question 5 (teach traditions) 0.865 0.227 0.127
Question 6 (watch over house) 0.782 0.399 0.322
Question 7 (childcare) 0.781 0.441 0.026
Question 8 (persuade others) 0.876 0.123 0.0182
Question 9 (preside over
ceremonies)
0.832 0.080 0.365
Question 10 (delegate) 0.892 0.026 0.057
Question 11 (ensure fairness) 0.876 0.127 0.126
IADLs assessment in sub-Saharan Africa
Citation: Glob Health Action 2014, 7: 25988 - http://dx.doi.org/10.3402/gha.v7.25988 7
(page number not for citation purpose)
found to be predictive of later dementia in large population
studies in the USA and France over periods of up to 10
years, irrespective of cognitive assessment scores within
the normal range at baseline. In fact, IADL assessment
scales have been used alone in population screening for
dementia (13, 23). It has been suggested that these are less
educationally biased than cognitive assessments in low-
literacy settings (24, 25).
Previous IADL assessment instruments tend to be of
three types: self-report by patient, informant interview,
and direct observation (26, 27). All have their flaws, with
the usefulness of self-report and informant interview
limited by the cognitive ability of the patient and the
reliability of the informant, respectively. Direct observa-
tion is often seen as a gold standard, although it can be
resource-intensive and require a great deal of staff
training, making it generally unsuitable for use in our
setting. We have pragmatically chosen to develop a
questionnaire that relies on informant interview. In a
community setting, finding a reliable informant is usually
possible and in the current study, only 3.1% (14 of 449) of
informant interviews were considered unreliable by the
interviewer.
Although a small number of functional assessment
scales have been developed and validated for use in other
LMICs (see Table 1), of these, only a proportion
addressed face validity issues by involving the local
population in development (31, 32). The remainder
used clinician opinion for development or modification
of scales designed in high-income countries.
The questionnaire worked well and had good predic-
tive properties, both when used in isolation or together
with a brief cognitive screening instrument. In a low-
education, developing world, setting the increased pre-
dictive ability of cognitive screening, if combined with a
functional assessment, has been noted by other authors
(33). Involvement of local healthcare workers in the
development of the questionnaire ensured good face
validity. Furthermore, by focussing on normal social
roles and activities, we hoped to minimise gender and
education bias in the items included.
Internal consistency of the final questionnaire was high,
indicating that all 11 items are broadly testing the same
underlying trait. It could be argued that, because of such
strong correlation between items, some may be redundant
in the context of a single score-generating screening tool.
However, the use of this tool in clinical practice needs to be
considered.With increased numberof IADLs assessed and
exploredwith the informant, the tool will bemore useful to
healthcare staff in their overall clinical judgement than a
tool that was designed to generate the most efficient
statistical score. Considering this, alongside the fact that
the time taken to complete the assessment is short and
viable for screening use in every day clinical practice, it
would seem more appropriate to include all 11 items.
We did not attempt to adjust responses to allow for the
fact that some participants may not routinely engage in
some of the activities included in the scale. Our main aim
was to develop a screening instrument for use by non-
specialist healthcare workers that would allow referral to
specialist services as appropriate. We felt that a relatively
straightforward scoring system would make the collec-
tion and interpretation of information relatively efficient.
Further details on normal functioning could be obtained
during a more detailed clinical assessment in those
thought suitable for further assessment. The responsive-
ness of the IDEA-IADL questionnaire to changes in
function will be assessed during future fieldwork.
Limitations
A potential significant selection bias was possible as
participation in the study involved self or family referral
to screening at a village office. Those who were physically
Table 5. AUROC curve analysis for the IDEA-IADL
questionnaire, the Lawton IADL scale and the IDEA
cognitive screen
AUROC curve
(95% CI)
Lawton IADL scale 0.828 (0.7510.906)
IDEA-IADL questionnaire 0.896 (0.8420.951)
IDEA cognitive screen 0.846 (0.7760.915)
Combined IDEA cognitive screen and
IDEA-IADL questionnaire
0.937 (0.8960.979)
Table 4. IDEA cognitive screen scores
Score57 Score 8 or 9 Score]10
Number 40 57 352
Median age (IQR) 80 (73.7585.5) 76 (7081.25) 72 (6779)
Number of females (%) 34 (85.0%) 41 (71.9%) 178 (50.6%)
Number with some formal education (%) 18 (47.4%), 2 missing values 34 (60.7%), 1 missing value 305 (87.6%), 4 missing values
Median Lawton scale score 3 (17), 3 missing values 6 (47), 2 missing values 7 (5.58), 27 missing values
Median IDEA-IADL questionnaire score 13 (430), 3 missing values 27 (1532), 2 missing values 33 (27.533), 27 missing values
Seen for DSM-IV diagnostic assessment 36 (90.0%) 51 (89.5%) 43 (12.2%)
Diagnosis of dementia 21 (52.5%) 13/51 (25.5%) 1/43 (2.3%)
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unwell or disabled were thus much less likely to attend for
screening, and this could have significantly affected results
since they are also more likely to perform poorly on
functional assessment. To partly overcome this problem,
we offered home visits for screening to patients identified
as frail by village enumerators. Eleven participants were
recruited in this way. Nevertheless, in this resource-limited
setting, where primary healthcare coverage is very limited,
such screening events are likely to be one of the most
effective and sustainable methods of identifying people
with cognitive impairment. As such, those included in this
study are likely to be representative of one of the main
groups the scale is designed to assess in normal use.
Five people achieving an IDEA cognitive screen score
59 were not seen for full clinical diagnosis. As this was a
relatively small proportion of those seen, and they were
missed randomly due to errors in addition on the part of
research staff or contact and tracing difficulties, this is
unlikely to have resulted in a substantial bias. For a further
five participants, it was not possible to trace a reliable
informant or informant data was incomplete. This has
implications in clinical practice in that, for a smallminority
of people, it may not be possible to carry out a reliable
functional assessment, hindering diagnosis.
Results can only be said to be representative of the
community-dwelling population of Hai district. Further
validation of the questionnaire in different geographical
(e.g. urban and rural) and clinical (e.g. inpatients and
outpatients) settings is required. As such, we are reluctant
to extrapolate our findings beyond the setting it was
developed and tested in. However, the IDEA-IADL
questionnaire may be of use in assessing IADLs in other
patient settings, in other parts of Tanzania and SSA and
in other world regions.
Finally, cognitive and IADL assessments were carried
out by nine separate assessors. Inter-rater reliability has yet
to be established, and we cannot rule out the possibility
that this may have influenced our results. Nevertheless, we
have attempted to validate our tool in the setting for which
it was designed, utilised by non-specialist primary health-
careworkers in the community.We plan to assess the inter-
rater reliability of the scale as an important next step.
Conclusions
This is the first validation of functional assessment tools
for use in Tanzania and one of very few conducted in SSA.
The IDEA-IADL has good internal consistency and
construct validity against the gold standard DSM-IV
diagnosis of dementia. It is both time and cost-efficient,
it does not require a specialist healthcare background to
administer, and little training is needed. It appears to
represent a better functional assessment in this population
than the Lawton assessment.
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21. Commentary on Key Paper 3 
Development and validation of a brief functional assessment tool for dementia diagnosis in sub-
Saharan Africa (the IDEA-IADL) (cohort 4b)) 
21.1. Overview 
This paper summarises the development, pilot and community-based validation of a culturally 
appropriate assessment of instrumental activities of daily living (IADLs) to assist with identification of 
dementia in rural SSA. IADLs are extended or complex activities of daily living which tend to be 
affected earlier in cognitive impairment or dementia in contrast to activities of daily living (ADLs) 
which are more basic self-care activities such as bathing and dressing and are a measure of care 
needs rather than cognitive impairment. It was recognised that a brief, culture specific assessment 
of functional ability would be likely to improve upon cognitive screening, especially amongst those 
older people who were achieving lower scores on formal cognitive screening due to educational 
level. Since the diagnosis of dementia requires demonstration of functional impairment it was 
hypothesised that a culturally appropriate functional assessment tool would reduce the effect of 
false positive cognitive screening, especially in those with lower levels of education. Existing 
assessment tools frequently used in high income countries focus on activities such as medication 
management or management of finances, and it was felt that these activities might not be as 
relevant in rural SSA. This study took place in rural Hai, utilising the same community dementia 
screening cohort as described in Key Paper 2 for the second stage validation. Numbers of 
participants differ slightly from those in Key Paper 2 (cohort 4a) due to availability of complete data 
for inclusion in the study.  
21.2. Materials and methods 
Development of the IDEA-IADL 
The IDEA IADL was initially developed at a workshop attended by 55 primary healthcare workers in 
the Hai district. These workers had roles as village based enumerators for the purposes of 
epidemiological research as part of the framework of the Hai DSS. Participants of this workshop, all 
of whom worked in rural clinics or in public health activities had previously been trained in 
identification of dementia and cognitive screening and assisted in the 2010 dementia prevalence 
study. Workshop participants were asked to list the usual social roles and activities of an older 
person in their setting. In order to avoid answers being biased by general frailty or old age, and to 
focus on activities that might have a cognitive element, participant were asked to state activities and 
roles that could be undertaken by any cognitively normal older person, even if they could not see 
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well or walk a long distance. In order to avoid influencing the discussion, no existing HIC IADL 
assessment tools were demonstrated. An initial list of 12 items was generated.  
Initial pilot 
This assessment list was piloted in a sample of 52 individuals under follow up as part of a mild 
cognitive impairment (MCI) follow up study as described above in cohorts 1a and 1b. In this pilot 
study, the IDEA IADL was administered by a research nurse blind to diagnosis. All participants 
subsequently underwent clinical assessment to determine diagnosis of DSM-IV dementia or MCI by 
Petersen consensus criteria. The cohort consisted of 28 people with normal cognition, 14 with mild 
cognitive impairment (MCI) and 10 with dementia. At a cut off of 23/44 sensitivity was 80%, 
specificity 78.6% and AUROC 0.814 (0.689-0.939). One item was removed at this point from the scale 
because most health workers had felt uncomfortable asking it. The IDEA-IADL scale is included here 
in .  
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Instrumental Activity of Daily Living for Elderly -IADL screen 
Tathmini ya uwezo wakufanya shughuli za kila siku kwa watu wazee 
Please ask each question to the relative of the patient. For each question please ask ’can the patient 
do this with no difficulty’? Each question may score 1 – 4 points: 
Tafadhali muulize ndugu/mlezi wa mgonjwa kila swali. Kwa kila swali tafadhali uliza“ Je mgonjwa 
anaweza kufanya hivi bila shida?” 
1 point :Yes, they can do this with no difficulty, no help needed/ 
Ndio, wanaweza kufanya hilibi la shida, hakuna msada unaohitajika 
2 points:   Yes with a small amount of help of assistance/  
Alama 2    Ndio anaweza na msada mdogo  
3 points:   With much assistance 
Alama 3:   anahitaji msaada mkubwa  
4 points:   They cannot do this 
Alama 4:    Hawezi kufanyahili 
1. Wanatoa historia kama za familia/maisha yao/matukio ya zamani 
They give histories i.e. of the family/  their lives/ past events 
Alama 
Score: 
 2. Wanasuluhisha migogoro 
They settle conflicts 
Alama 
Score: 
3. Wanasaidia kazi ndogo ndogo za nyumbani 
They assist in small works of the home 
 
Alama 
Score: 
4. Wanatoa ushauri 
They give advice 
Alama 
Score: 
5. Wanadumisha na kufundisha mila na desturi za jamii 
They teach the traditions of society 
Alama 
Score: 
6. Wanachunga nyumba wakati watu wengine wakitoka 
 They watch over the house when others are out 
Alama: 
Score: 
7. Wanatunza wajukuu 
They look after the grandchildren 
Alama 
Score: 
8. Wanatoa ushawishi au kubadilisha mawazo ya watu wengine kwa uzuri 
Persuasion, or changing people's ideas for the better 
Alama: 
Score: 
9. Wana saidia katika maswala mazito kama sherehe 
They preside over feasts and ceremonies 
Alama: 
Score: 
10. Wanapangia watu majukumu 
Delegation of responsibilities to others 
 
Alama: 
Score: 
11. Wana simamia haki katika familia na jamii. Wana hakikisha usawa 
They fight for justice within the family and the community. They ensure 
 
Alama: 
Score: 
Jumla ya alama 
Total score: 
 
 
Figure 13. Instrumental Activity of Daily Living for Elderly -IADL screen 
 
Identification of dementia in sub-Saharan Africa  Doctoral Statement 
- 169 - 
21.3. Formal validation (Hai dementia screening programme) 
Formal validation of the refined 11-item scale took place in a community sample of adults aged 65 
and over who had presented as part of a widely advertised dementia screening programme in the 
Hai district (cohort 4b). Individuals were screened using the IDEA six-item cognitive screen by a 
trained primary health care worker as described in Key Paper 2. Participants were asked to attend 
for screening with a relative who knew them well. Following-day appointments were given for those 
relatives who did not attend, with home visits arranged for those relatives where attendance at the 
health centre was inconvenient. The IDEA-IADL was completed by the village enumerator, with the 
identified informant blinded to all other screening and diagnostic data. In addition, the enumerator 
was asked to indicate if in their opinion, the answers given and scores obtained were reliable for 
example in cases where the participant had identified a neighbour as the informant or it was felt a 
relative visited infrequently. In addition, the Lawton IADL scale, commonly used in HIC settings was 
also administered at the same interview, translated by members of the IDEA study team fluent in 
both English and Swahili and with training in dementia assessment.  
Screening 
A total of 455 people were screened, of whom after exclusions complete data were available for 417 
people. Methodology was identical to that in Key Paper 2, in that all those scoring 9 or below 
(possible or probable dementia) were assessed in the second stage alongside 15% of those scoring 
over 9/15 selected through blindly drawing lots from a container. The second stage detailed clinical 
assessment for dementia, blind to the outcome of both screening tools (IDEA six-item screen and 
IDEA-IADL) was identical to that described in Key Paper 2.  
The second stage validation cohort for this analysis included 130 people. The study diagram 
(describing both phases of the study) is included here in Figure 14.  
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Figure 14. IDEA-IADL development flowchart 
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21.4. Summary of Results 
The IDEA-IADL was quick to complete (median 5 minutes, IQR 3-7). Of the 130 people who 
underwent second stage assessment, 35 (26.9%) had dementia by DSM-IV criteria. 
Used alone, the IDEA IADL had a diagnostic accuracy of 0.896 (0.842-0.951). For combination with 
the IDEA six-item cognitive screen, logistic regression was used to determine the weighting to give to 
the IDEA-IADL.  Importantly, the IDEA-IADL improved upon the diagnostic accuracy of the IDEA six-
item cognitive screen used alone  from AUROC 0.846 (95% CI 0.776-0.915) to 0.937 (95% CI 0.896-
0.979) used together with a weighting of 5 to 1 as indicated by the beta values obtained through 
logistic regression (see table 6, Key Paper 3).  
Factor analysis indicated that only one latent variable was present with only one factor identified 
with an eigenvalue of over 1 and explaining 71.6% of the variance, and internal consistency as 
measured by Cronbach’s alpha was very high (0.959). 
Linear regression analysis indicated that age, gender and previous formal education were not 
associated with IDEA-IADL score independently of dementia diagnosis. Dementia diagnosis was 
independently associated with IDEA-IADL score 
The IDEA IADL did not appear to have a marked ceiling effect. Of a total score of 44, median score in 
those without cognitive impairment was 33 (IQR 27.5-33). In those with probable dementia median 
score was 13 (4-30) but a wide distribution of scores was present.  
21.5. Strengths and limitations of Key Paper 3 
A strength of this study was the involvement of the local community in scale development, rather 
than attempting to translate or adapt a scale utilised in HIC settings, or to develop an assessment 
based on clinician opinion only. This was felt to be an appropriate strategy for an assessment tool 
designed to be completed by family informants rather than clinicians.  
An important limitation is that the IDEA-IADL was administered blinded to the outcome of cognitive 
screening. Whilst this assesses criterion validity of the IDEA-IADL alone, combination with the IDEA 
six-item cognitive screen was done retrospectively and may not be reflective of the situation in 
which we might wish the scale to be used, i.e. together with cognitive screening in an individual 
presenting to a primary health care clinic with a relative. A further validation of both scales used 
together in ‘real life’ conditions would be useful.  
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Additionally, assessment inter-rater reliability was not possible to complete due to resource 
limitations, and these data were collected by a team of nine different health workers. Further 
examination of underlying variability would be important to complete.  
Finally, this scale was developed for use in a particular community, specifically rural Hai, and whilst it 
appears likely that this scale could be used in other similar SSA settings, validity in urban settings 
where cultural expectations may differ, has not been established. 
21.6. Outcome of Key Paper 3 
This study has presented initial data on development and validation of a functional assessment 
based on informant history which has good criterion validity for identification of dementia when 
administered primary health care workers in a rural Tanzanian setting. Importantly it improves the 
performance of the IDEA six-item cognitive screen by improving diagnostic accuracy.  
The very high level of internal consistency and identification of one underlying factor explaining 
most of the variance on factor analysis suggests that the scale might be shortened, as some items 
may be redundant. A balance needs to be struck between brevity, increasing the likelihood of use by 
busy clinicians and applicability and generalisability in that inclusion of a range of items increases 
likelihood of the scale being broadly applicable to older people. Further work will attempt to assess 
whether the scale could in fact be shortened. 
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Figure 15. Hai community dementia screening programme 
 
Figure 16. Completion of matchstick task during a home visit for screening 
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Figure 17 Hai community dementia screening programme 2 
 
Figure 18 Hai community dementia screening programme 3 
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ABSTRACT 
 
Background: In sub-Saharan Africa, there are no validated screening tools for delirium in 
older adults. This study assesses clinical utility of two instruments, the IDEA cognitive screen 
and the Confusion Assessment Method (CAM) for identification of delirium in older adults 
admitted to medical wards of a tertiary referral hospital in Tanzania. 
Method: The IDEA cognitive screen and CAM were administered to a consecutive cohort of 
older individuals on admission to Kilimanjaro Christian Medical Centre using a blinded 
protocol. Consensus diagnosis for delirium was established against DSM-V criteria and 
dementia by DSM-IV criteria 
Results: Of 507 admission assessments, 95 (18.7%) had DSM-V delirium and 95 (18.7%) 
had DSM-IV dementia (33 (6.5%) delirium superimposed on dementia). The CAM and IDEA 
cognitive screen had very good diagnostic accuracy for delirium (AUROC curve 0.94 and 
0.87 respectively). However, a number of participants (10.5% and 16.4% respectively) were 
unable to complete these screening assessments due to reduced consciousness, or other 
causes of reduced verbal response and were excluded from this analysis; many of whom 
met DSM-V criteria for delirium. Secondary analysis suggests that selected cognitive and 
observational items from the CAM and IDEA cognitive screen may be as effective as the full 
screening tools in identifying delirium even in unresponsive patients. 
Conclusion: Both instruments appeared useful for delirium screening in this inpatient 
setting, but had significant limitations. The combination of assessment items identified may 
form the basis of a brief, simple delirium screening tool suitable for use by non-specialist 
clinicians. Further development work is needed. 
(250 words) 
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INTRODUCTION 
 
Delirium is an acute onset syndrome of cognitive dysfunction presenting with deficits in 
attention, arousal and global cognition [1], highly prevalent in older hospitalised adults in 
high-income countries (HICs) [2]. Well-recognised adverse outcomes include cognitive 
decline [2-5], disability [6, 7] and increased mortality rates [3, 6].  
Although prompt interventions can improve outcome [8], delirium remains under diagnosed, 
and may be missed in up to 50% of cases in HICs [9, 10]. Diagnosis is most challenging in 
some of those most at risk, such as older people and those with preexisting cognitive 
impairment. Use of validated screening tools improves detection rates [9, 11].and is 
recommended in guidelines for older hospitalised adults [12].  
 
In sub-Saharan Africa (SSA), there are currently no validated screening tools for delirium in 
older people. Demographic transition has resulted in a rapidly growing older population, and 
recent epidemiological studies of dementia suggest a similar prevalence to that seen in HICs 
[13, 14]. Delirium is likely to be similarly prevalent in older adults but existing data are limited. 
Currently available data suggest a high rate of misdiagnosis of delirium as a psychiatric 
disorder and adverse outcomes [15]. A substantial diagnostic gap is suggested by the fact 
that the limited available studies report prevalence of 9.1-19.7% [16, 17] on clinical criteria 
whereas in contrast a large case-note based study of older people admitted to three large 
centers in SSA reported delirium prevalence of 0-2.6% [18].  
 
This diagnostic gap may also be due to shortages of specialist clinicians with skills in cognitive 
assessment. Geriatricians, psychiatrists and neurologists are scarce across SSA outside large 
urban centers [19-21]. Cognitive assessment tools and other screening methods developed in 
HICs often perform poorly in SSA due to cultural differences and high levels of illiteracy 
amongst older adults, especially in rural areas [12].  Therefore, objective screening methods 
for the cognitive impairments typical of delirium, that can be used accurately by non- 
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specialists and are not literacy-dependent, are needed. 
Our overall aim was to determine the most effective method of screening and identification of 
delirium in older hospitalised adults in SSA. Key objectives were: 1) Evaluate the performance 
of two screening instruments with potential utility for identification of delirium in this setting 
(the IDEA cognitive screen and Confusion Assessment Method (CAM)) against gold-standard 
DSM-V consensus diagnosis of delirium; and 2) Conduct a secondary analysis of all 
screening and assessment items to determine those most predictive of delirium and 
potentially useful in development of a screening method for use by non- specialists. 
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MATERIALS AND METHODS 
 
Ethical approval and consent 
 
Ethical approval was granted locally by the Kilimanjaro Christian Medical College Research 
and ethics committee (CRERC) and by the National Institute of Medical Research (NIMR) of 
Tanzania in Dar-es-Salaam. Patients were given written and verbal information about the 
study and its aims before gaining their informed consent. Where patients were unable to 
write, a thumbprint was used. If patients were admitted unconscious or lacking the capacity 
to consent, a close relative was asked to assent on the patient’s behalf. 
Setting and study participants 
 
This study took place in the internal medicine department of Kilimanjaro Christian Medical 
Centre (KCMC), an 800-bed tertiary referral hospital in Northern Tanzania serving a rural 
population of over eight million people. Consecutive samples of individuals aged 60 and over 
admitted to the department from 14th January to 3rd February 2015 (pilot phase) and from 6th 
March 2015 to 10th July 2015 were invited to participate on admission. No substantial 
changes were made to the study design or data collection methods following the pilot phase 
and so data were combined for analysis (Figure 1). 
Assessments 
 
Initial clinical assessment took place wherever possible in the morning after admission, 
following initial review by the treating medical team. The following data were collected: 
background demographic data alongside physical observations; level of arousal using the 
Alert-Voice-Pain-Unresponsive (AVPU) scale [22] designed for use by non-specialists in 
routine practice and pain assessed on a visual analogue scale of 0-10 with 10 rated as most 
severe. Where necessary, non-literate or observational assessments (e.g. Wong-Baker 
Faces scale) were used and equivalent scores recorded. Data on medical diagnoses, 
comorbidities, risk factors and outcome were also collected and participants reassessed 
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every three days during admission to determine in-hospital incidence of delirium. This study 
relates to screening at admission only. 
Clinical assessment for delirium and dementia 
 
All patients were assessed by a research doctor with an interest in geriatrics or psychiatry 
 
(S-MP, AD, EGL or LT) assisted by a trained study nurse or clinical officer with experience of 
cognitive assessment in older adults, and fluent in both English and Swahili. Clinical 
assessments were conducted independently of, and blinded to, IDEA cognitive screen 
scores. Full assessment for cognitive impairment included a neurological examination, 
detailed standardised bedside cognitive assessment and mental state examination recorded 
in free text (see Figure 1). Where significant low mood was observed, the brief Geriatric 
Depression Scale (GDS) was used to identify possible depression as a possible cause of 
poor cognitive performance but depression or other psychiatric disorders were not the main 
focus of the assessment and were not routinely screened for. Assessment of potential 
confounders of screening tool performance including educational level and sensory 
impairment was also carried out (see Figure 1). 
Pre-existing dementia was assessed through a detailed semi-structured informant history for 
cognitive and functional impairment based on DSM-IV criteria previously used for dementia 
assessment in Tanzania and Nigeria [23]. Informants were usually close relatives and 
resident in the same household. All informants were asked ‘is this a recent change?’. Use of 
a single question in identification of delirium has been validated in HICs [24]. 
In order to take into account possible fluctuations in presentation, a subset of participants 
were reviewed by a neurologist or physician to increase accuracy of diagnoses, where 
possible this assessment took place later the same day. This assessment took place blinded 
to the outcome of both screening tools to maintain objectivity. Where possible all those 
screen-positive on the CAM were assessed alongside 10% of screen-negative individuals, 
selected using a random number generator. 
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Consensus diagnoses of delirium and dementia 
 
All clinical assessment data, with the exception of the IDEA cognitive screen result and CAM 
algorithm, were reviewed by a consultant old age psychiatrist, nurse specialist in old age 
psychiatry and research doctor in psychiatry (EML, GC, S-MP) for blinded consensus 
diagnosis of delirium by DSM-V criteria. Cases of subsyndromal or resolving delirium not 
meeting DSM-V criteria were recorded, but classified as ‘no delirium’. 
We considered it important to accurately identify dementia in order to assess screening tool 
performance in delirium versus cognitive impairment in general. Consensus diagnoses of 
dementia followed DSM-IV criteria, taking into account all available clinical information, 
including previous admission records where available. In cases of possible dementia not 
meeting DSM-IV criteria a follow-up assessment was offered for diagnostic clarification after 
discharge. Where necessary, due to geographical constraints, this assessment took place 
by telephone interview with a close relative. Dementia subtype diagnoses were made by 
clinical criteria where possible, but limited, partly because neuroimaging was not available at 
the time of the study. Other psychiatric disorders were noted where a clear clinical 
description of symptoms made this possible. 
Identification of delirium or major cognitive impairment by treating medical team 
 
A retrospective case note review compared consensus diagnoses of delirium with 
identification of delirium by the treating medical team during admission (see Figure 1) 
Cognitive screening using the IDEA (Identification and Intervention for Dementia in 
Elderly Africans) cognitive screen 
All consented individuals underwent bedside cognitive screening using the IDEA cognitive 
screen. The IDEA was developed for use by non-specialist healthcare workers to identify 
dementia in low-literacy populations in SSA. It has been validated for major cognitive 
impairment in hospital inpatient settings in Tanzania and Nigeria and outpatient and 
community settings in Tanzania [23, 25, 26].  Assuming basic training in a healthcare 
profession, minimal additional training is required to allow it to be administered 
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successfully. The IDEA includes assessment of orientation, delayed recall, abstract 
thought, category (animal) fluency and visuo-construction. The IDEA cognitive screen was 
administered by a study nurse or clinical officer, blinded to outcome of all other clinical 
assessments. On completion, the IDEA screen was immediately filed separately from 
other clinical data to maintain blinding of personnel conducting the other clinical 
assessments. Where the IDEA screen was attempted, but abandoned because of 
confusion or inability to understand the task, total scores were recorded as zero as the 
individual was assumed to have severely impaired cognition preventing successful 
performance on the test. Where screening was not possible due to physical illness or 
lowered conscious level, outcome was recorded as ‘unable to complete’. 
Confusion Assessment Method (CAM) screening 
 
The CAM algorithm [27] includes the following; acute onset cognitive disturbance with 
fluctuation (CAM 1) and attention deficit (CAM 2) alongside either disorganised thinking 
(CAM 3) or abnormal arousal (CAM 4). Sensitivity and specificity for delirium by DSM-IV 
criteria are excellent in published meta-analyses [28] and in HIC settings the CAM is used 
for both delirium screening and diagnosis [29]. The CAM typically takes 10-15 minutes to 
complete [27] but requires a degree of training and clinical experience of cognitive 
assessment [30]. The CAM algorithm was completed by a junior research doctor (blinded to 
IDEA cognitive screen score and other clinical assessments) following detailed bedside 
clinical assessment (see below) and discussion with nursing staff and family members. The 
CAM was then filed separately to maintain blinding for clinicians completing additional 
assessments and consensus diagnoses (see Figure 1). 
Where CAM assessment was considered impossible by the assessing doctor (e.g. due to 
limited verbal response) participants were classified ‘CAM-unable’ and CAM items 
assessable through observation scored alongside limited neurological and mental state 
examination and informant history. 
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Statistical analysis 
 
Data were analysed using SPSS software (version 20 for windows, IBM Corp, Armonk, NY, 
USA). All data were non-normally distributed and therefore data were presented by median 
and inter-quartile range and non-parametric tests were used throughout. Diagnostic 
accuracy was assessed using the area under the receiver operating characteristic (AUROC) 
curve statistic as an overall assessment of screening performance. 
Exploratory factor analysis of all screening and assessment items for delirium (IDEA six item 
screen and CAM items, beside cognitive tests and informant single question) was conducted 
to investigate latent traits within the screening items. An oblique rotation method was 
selected due to high correlation between variables. Factors to be extracted were determined 
using a scree plot. Items with the largest loadings on each factor were explored using logistic 
regression models with DSM-V delirium as the dependent variable. The significance level 
was set at 5% and two-tailed tests were used throughout. 
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RESULTS 
 
Characteristics of the study cohort 
 
During the study period there were 609 admissions (including 51 re-admissions) of 
individuals aged 60 and over to the internal medical department.  Of these, 510 patients 
were recruited to the study. Reasons for exclusion were as follows: died or transferred 
before assessment (n = 56) refused or were unable to consent (n = 26) or could not be 
assessed for other reasons (n = 17) (see Figure 1). Three further patients were excluded 
from analysis due to large amounts of missing data. Thus data were available for 507 
people, see Figure 1. The 507 admissions fully assessed and the 102 exclusions not 
assessed for delirium did not significantly differ in sex (X2  (1) = 0.921, p = 0.337) or in 
median age (U = 24312.0, p = 0.340). 
Characteristics of the study cohort are described in Table 1. Ninety-five people (18.7%) had 
delirium and 95 (18.7%) had dementia (only one of whom had previously been given a 
diagnosis).  Of the 95 with delirium, 33 (6.5%) had delirium superimposed on dementia. 
There was a high prevalence of reduced arousal (20.6%). Delirium was recorded in the 
hospital records of 8 individuals of whom 6 met DSM-V delirium criteria (see Table 1). 
Diagnostic accuracy of the CAM 
 
Of the 507 people with a clinical diagnosis, 53 (10.5%) were classified as ‘CAM unable’. Of 
the remaining 454, 89 (19.6%) were CAM positive for delirium. The overall diagnostic 
accuracy of the CAM was excellent (see Table 2). A total of 8/53 (15.1%) of ‘CAM unable’ 
participants met DSM-V delirium criteria and overall 22/53 (41.5%) met criteria for major 
cognitive impairment (dementia or delirium). CAM items 2 and 3, which are more reliant on 
verbal response, were poorly completed, whilst almost all participants could be 
assessed on observation and clinical history items CAM 1 and CAM 4 (see Table 2). 
Allowing for these limitations, CAM 2 (inattention) showed the highest diagnostic 
accuracy. 
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Diagnostic accuracy of the IDEA six-item screen 
 
The IDEA cognitive screen was attempted by 424 (83.7%) participants. Reasons for 
exclusions are detailed in Figure 1. Of those attempting the IDEA cognitive screen, 
64 (15.1%) had DSM-V delirium, 73 (17.2%) had DSM-IV dementia (25 (5.9%) had 
delirium superimposed on dementia). A significant proportion of the 83 unable to 
attempt the IDEA screen met DSM-V delirium criteria (n = 31, 37.3%), DSM-IV 
dementia criteria (n = 22, 26.5%) or had delirium superimposed on dementia (n = 8, 
9.6%). In those assessed, diagnostic accuracy of the IDEA screen for DSM-V 
delirium and major cognitive impairment was good, with an AUROC curve of 0.866 
(0.826-0.907) for delirium and 0.874 (0.838-0.909) for major cognitive impairment. 
Sensitivity, specificity and predictive value are reported in Table 2. 
Differentiation of delirium and dementia 
 
Within the group identified with major cognitive impairment (delirium or dementia) the CAM 
demonstrated excellent discriminatory ability in identifying delirium from dementia. Of 134 
with major cognitive impairment who completed the CAM, 87 had delirium and 47 had 
dementia without delirium. The CAM correctly identified 79/87 (90.8%) of those with delirium 
and 45/47 (93.7%) of those without delirium. Of two incorrectly classified as having delirium, 
both had dementia. Within this group sensitivity was 91% and specificity was 96%. CAM 2 
(inattention) was the most accurate individual test when used alone (sensitivity 94%, 
specificity 76%). In the 103 who had major cognitive impairment and completed the IDEA 
cognitive screen, differential accuracy was poor, with an AUROC curve of only 0.60 (95% 
confidence interval (CI) 0.49-0.71) for delirium. Similarly, of those with cognitive impairment 
on screening (IDEA cognitive screen of 7 or below) the CAM correctly identified delirium 
(sensitivity 0.93, specificity 0.96). Of those with major cognitive impairment, 23/157 (14.6%) 
and 45/157 (28.7%) were unable to complete the CAM or attempt the IDEA cognitive screen, 
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limiting clinical utility. The single question ‘is this a sudden change?’ was only moderately 
useful (sensitivity 92% specificity 60%). 
The role of visual impairment 
 
We wished to investigate whether the relatively poor performance of the IDEA cognitive 
screen was due to uncorrected visual impairment. The IDEA screen was re-evaluated 
disregarding the only visually presented item (matchstick constructional praxis task). 
Removal of the praxis task made little difference to the overall accuracy of the IDEA for 
identification of delirium or major cognitive impairment [AUROC 0.871 (95% CI 0.833-0.912), 
0.879 (95% CI 0.844-0.913)] respectively. 
Investigation of combinations of individual CAM and IDEA cognitive screen items as 
predictors of delirium 
All six IDEA screen items, bedside cognitive tests of orientation, attention, registration and 
recall, CAM items 1 and 4 and the single informant question were investigated to identify 
those that may be of greatest clinical utility in this setting. CAM items 2 and 3 were not 
evaluated due to the observed difficulties in rating these items, suggesting that they would 
not be suitable for screening in this setting.  Exploratory factor analysis identified three 
factors broadly interpreted as representing learning/recall, observation/behaviour and 
orientation, explaining 41.9%, 9.67% and 7.5% of the variability respectively. A logistic 
regression model was constructed to identify those items that were significant independent 
predictors of delirium. The final model is shown in Table 3 and included word recall, CAM 1, 
CAM 4 and sex. Nagelkerke’s R2 for the model was 0.676. Weightings were applied to the 
model based on the parameter estimates and these weights used to develop a crude 
screening tool.  The tool had a higher AUROC than the IDEA cognitive screen (0.94 (95% CI 
0.92 to 0.97)), and had the advantage of being much shorter. Accuracy was similar to that of 
the CAM, but assessment data were available for almost all participants including those 
rated unassessable on the full CAM. The scoring system ran from 0 to 8, with a score of ≥6 
the optimal cut off for identifying those with delirium (sensitivity 0.94, specificity 0.90). 
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DISCUSSION 
 
The brief delirium screen developed outperformed both the IDEA and CAM on internal 
validation. Our presented development and validation models demonstrated a high degree 
of accuracy in detection of delirium, which surpassed that of the IDEA and was similar to 
that of the CAM. 
This increased accuracy may be due in part to its simplicity and lower reliance on clinical 
judgement. In our study, non-neurologists with cognitive assessment experience had 
difficulty in rating CAM items 2 and 3 in individuals with lowered arousal. This reduced the 
overall clinical utility of the CAM because a significant proportion of these 'CAM unable' 
individuals met DSM-V delirium criteria. Similar reductions in CAM sensitivity due to 
difficulties with CAM items 2 and 3 have been noted in other studies, especially where less 
experienced raters administered the CAM [30]. 
The novel delirium screening tool developed includes assessment of the following cognitive 
and observational elements; short term recall, altered consciousness and both acute onset 
and fluctuation. It does not specifically include inattention. Attentional deficits are well-
recognised to differentiate delirium and dementia [31] because attention is typically affected 
globally and early in delirium, but only complex attention is impaired in mild to moderate 
Alzheimer’s disease [32]. Although we identified inattention as the most accurate CAM item 
in terms of general diagnostic accuracy and discrimination of delirium and dementia, it was 
excluded from the model due to the identified difficulties with its completion. Although it 
could be argued that difficulty completing an item assessing attention is consistent with 
attentional difficulty, the fact that a large number of people who would fit into this description 
were recorded as unassessable suggests that inclusion of this item in a screen could lead to 
people being misclassified.  The decision to exclude this item was, therefore, a pragmatic 
one, based on our desire to develop a simple and robust screening tool.  Our modelled 
screening tool includes short term recall of a previously learned word list. This item might 
therefore be indirectly measuring attention (since attention is required in order to register 
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and retain the list) without the challenge of assessing inattention in more complex clinical 
assessment. 
Many screening tools used for identification of delirium in HICs rely heavily on orientation, 
despite evidence that orientation may be unaffected in up to a quarter of older people with 
delirium [32]. Our tool includes items requiring registration and short-term recall rather than 
orientation, and may therefore have broader applicability. 
Acute onset and fluctuation as reported by a carer was identified as a key element during 
modelling. In contrast, a positive answer to ‘is this a sudden change’ by an informant was 
only moderately useful in differentiating delirium and dementia. Previous work by our team 
has described a high prevalence of both vascular dementia and stroke in Tanzania [9, 10] It 
may be difficult for family members asked this question to separate delirium from stepwise 
deterioration in vascular cognitive impairment. The additional element of ‘fluctuation’ as well 
as acute change appeared to be more useful in identification of delirium in this setting. 
Altered arousal is another key element of our delirium screening tool. Lowered arousal is 
independently associated with poor outcome and therefore these individuals are at 
particularly high risk, but likely to be missed by routine use of the CAM for screening by non- 
specialists (as lowered arousal might prevent assessment of inattention or disorganised 
speech). 
Overall utility of the CAM 
 
Joint practice recommendations from the European and American Delirium Associations 
advise that inability to cooperate with cognitive assessment for attention be rated as severe 
inattention, in patients able to make at least some verbal response and not in coma [33]. 
This was the approach followed when making DSM-V consensus diagnoses [34] but differs 
from that of the DSM-IV on which the CAM is based. Accurate completion of the CAM in a 
setting with a high prevalence of severe physiological illness is challenging and requires 
experience and judgement. Although the overall diagnostic accuracy of the CAM compared 
favourably to that reported in HIC meta-analyses (sensitivity 91% vs 82-94% and specificity 
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96% vs 89-99% [29, 35]), in SSA where expertise in neurology or geriatrics might be limited 
outside urban centres, the CAM is unlikely to be useful in routine screening. In our cohort 
the CAM demonstrated excellent performance in differentiating delirium and dementia in 
those with major cognitive impairment (delirium or dementia) and those with cognitive 
impairment on screening (IDEA screen ≤7). It has been recommended that the CAM be 
used for confirmatory assessment in those found to have cognitive impairment on initial 
screening [29] due to the time taken to complete the assessment and level of skill required. 
In this hospital setting with trained personnel including physicians and neurologists, this 
approach should be feasible. In rural areas (where up to 63% of people in SSA live) and 
without specialist staff this approach may be problematic. 
Screening using the IDEA cognitive screen 
 
Routine bedside structured cognitive assessment of older hospitalised adults at risk of 
delirium is recommended by existing good practice guidelines in HICs [12]. The 
diagnostic accuracy of the IDEA cognitive screen compared favourably to other previous 
validation studies [23, 26] and other commonly-used cognitive screening tests [36]. 
Diagnostic accuracy for major cognitive impairment (delirium and dementia) was lower 
than that previously reported in medical inpatients and outpatients in SSA (0.903 and 
0.931 respectively) [23]. This may relate to the degree and severity of illness in this 
cohort. 
Previous validation work took place in a small, government hospital where those who 
were seriously unwell were routinely transferred to tertiary services for further 
management. 
Although the IDEA cognitive screen appeared clinically useful, a significant proportion of 
participants were unable to complete it. Over a third of the 83 individuals unable to attempt 
the IDEA screen due to lowered arousal or illness severity had DSM-V delirium and routine 
cognitive assessment with the IDEA screen might lead to these individuals being missed. A 
major finding of this study was that the IDEA cognitive screen alone did not differentiate 
delirium and dementia. Since only one participant had a previous dementia diagnosis, and 
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both delirium and dementia were highly prevalent, use of the IDEA alone would not 
differentiate individuals with delirium and needing urgent medical attention from those with 
long standing cognitive impairment.  Nevertheless, it is unrealistic to expect any brief 
cognitive screen, including those commonly used in high-income settings, to be able to 
identify underlying reasons for poor screening performance.  
Association with confounders 
The effect of visual impairment has not previously been evaluated in performance of the 
IDEA screen. In this study we found that significant and uncorrected visual impairment was 
highly prevalent, and that significant measured visual impairment correlated with a score ≤7 
on the IDEA screen (the previously validated cut-off for major cognitive impairment), 
independent of age, education and the presence of delirium. This is likely to be due to 
difficulties in completing the matchstick praxis task and indicates that this needs to be taken 
into account when interpreting the IDEA score. Nevertheless, disregarding the matchstick 
item made little difference to test accuracy despite the high prevalence of visual impairment 
and since visuospatial impairments are commonly found in delirium, this test appears to be 
clinically useful. As in previous validation studies for dementia, the IDEA did not appear 
educationally biased in this setting despite the literacy rate being substantially higher than in 
previous validation studies. 
Overall utility of screening tools 
 
Both CAM and IDEA greatly outperformed routine detection of delirium by nursing and 
medical staff as evidenced by mention of delirium or confusion in the medical notes. 
Improvement of detection rates through use of a structured screening method is well 
evidenced in HIC settings [11] and our findings indicate that routine delirium screening using 
an appropriate method is highly recommended. 
Limitations 
 
A number of limitations are acknowledged. KCMC is a tertiary referral hospital and therefore 
those admitted would be expected to be more seriously unwell than in other hospital 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
settings. Educational level was higher than that recorded in previous validation studies of 
the IDEA cognitive screen in the same geographical region, indicating possible differences 
in socio-economic status. Our cohort might therefore not be typical of other settings in 
Tanzania. All cognitive tests were conducted in a very busy ward environment, which could 
at times be noisy, and this could have impacted on performance on cognitive tests, 
particularly for those with sensory impairment. Nevertheless no private or quiet environment 
for testing was available, and this therefore represented the ‘real life’ conditions in which 
cognitive assessment would normally take place. Similarly, we deliberately included all 
possible patients in this study, including those who may have been dysphasic or aphasic or 
with lowered level of consciousness. Although this may have affected screening tool 
performance, this reflects the situation in which these tools would be used. 
Although a subset of individuals received a second review by a specialist (neurologist or 
physician) on the same day, it was not possible to provide a second independent clinical 
review for all patients due to resource implications in this busy hospital environment. Some 
individuals with cognitive fluctuations may therefore have been missed. 
This was not a study of dementia or depression, and therefore milder cases may have been 
missed, particularly in those with delirium at assessment. Only 12 GDS assessments for 
depression were completed, suggesting that only those with the most severe symptoms 
were identified during neurocognitive assessment. The effect of depression on cognitive 
assessment with the IDEA screen cannot therefore be commented on. Nevertheless, we 
were able to obtain an informant history for almost all participants, and the vast majority of 
participants lived with family members. As a result, cognitive impairments were likely to 
have been observed and commented on by family members in the history. A strength of the 
study was the follow-up assessments for diagnostic clarification in cases of possible 
dementia, reducing the possibility that cases of dementia were missed.  Finally, 
identification of delirium by treating medical staff was assessed only through retrospective 
case note review and it is possible that a greater number of cases were recognised, but not 
identified through this process. 
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Conclusions 
 
This study has evaluated the performance of a brief cognitive screening tool designed for 
identification of dementia (the IDEA cognitive screen) and the CAM in identification of 
delirium in a large tertiary referral hospital in Tanzania, with a similar presence of delirium on 
admission to that seen in HICs. Both tools performed well in identification of delirium, but 
sensitivity was reduced due to difficulty in completion of assessments by those individuals 
who were most severely unwell, and therefore likely to be at the greatest risk. The IDEA 
screen did not differentiate delirium and dementia. The CAM showed excellent diagnostic 
accuracy for delirium in individuals identified with cognitive impairment, but requires 
specialist knowledge for accurate completion. Using all relevant cognitive and behavioural 
assessment data collected during the study we have suggested a brief assessment for 
delirium designed for use by non-specialists which appears to identify delirium with a high 
degree of accuracy. Further development work and testing in other centres in SSA will 
confirm the utility of these screening items for delirium. Our findings indicate that use of a 
structured screening tool outperformed routine clinical assessment in identification of 
delirium as in previous HIC studies and routine use of a delirium screening tool in older 
hospitalised adults is therefore highly recommended. 
 
 
Acknowledgements: We wish to acknowledge the help of the KCMC medical department 
and international office and of all patients and family members who assisted in this study. 
Conflicts of Interest: There were no conflicts of interest. 
 
Funding: This study was funded by Grand Challenges Canada (Grant number: 0086-04). 
 
Role of the Funding Source: The sponsors of this study had no role in designing the study; 
in the collection, analysis, and interpretation of data; in the writing of the report; or in the 
decision to submit the paper for publication. 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
References 
 
[1] J. Cerejeira, H. Firmino, A. Vaz-Serra, E.B. Mukaetova-Ladinska, The neuroinflammatory 
hypothesis of delirium, Acta neuropathologica 119(6) (2010) 737-754. 
[2] S.K. Inouye, R.G. Westendorp, J.S. Saczynski, Delirium in elderly people, The Lancet 383(9920) 
(2014) 911-922. 
[3] N. Siddiqi, A.O. House, J.D. Holmes, Occurrence and outcome of delirium in medical in-patients: 
a systematic literature review, Age and Ageing 35(4) (2006) 350-364. 
[4] J.S. Saczynski, E.R. Marcantonio, L. Quach, T.G. Fong, A. Gross, S.K. Inouye, R.N. Jones, 
Cognitive trajectories after postoperative delirium, N Engl J Med 367 (2012). 
[5] D.H. Davis, G. Muniz Terrera, H. Keage, T. Rahkonen, M. Oinas, F.E. Matthews, C. Cunningham, 
T. Polvikoski, R. Sulkava, A.M. Maclullich, C. Brayne, Delirium is a strong risk factor for dementia in 
the oldest-old: a population-based cohort study, Brain 135 (2012). 
[6] J. Witlox, L.S. Eurelings, J.F. de Jonghe, K.J. Kalisvaart, P. Eikelenboom, W.A. Van Gool, Delirium 
in elderly patients and the risk of postdischarge mortality, institutionalization, and dementia: a 
meta-analysis, Jama 304(4) (2010) 443-451. 
[7] S. O'Keeffe, J. Lavan, The Prognostic Significance of Delirium in Older Hospital Patients, Journal 
of the American Geriatrics Society 45(2) (1997) 174-178. 
[8] M. Lundstrom, A. Edlund, S. Karlsson, B. Brannstrom, G. Bucht, Y. Gustafson, A multifactorial 
intervention program reduces the duration of delirium, length of hospitalization, and mortality in 
delirious patients, Journal of the American Geriatrics Society 53(4) (2005) 622-8. 
[9] R. Walker, D. Whiting, N. Unwin, F. Mugusi, M. Swai, E. Aris, A. Jusabani, G. Kabadi, W.K. Gray, 
M. Lewanga, Stroke incidence in rural and urban Tanzania: a prospective, community-based study, 
The Lancet Neurology 9(8) (2010) 786-792. 
[10] S.-M. Paddick, A. Longdon, A. Kisoli, W.K. Gray, C.L. Dotchin, A. Jusabani, A. Iqbal, J. Hughes, 
A. Teodorczuk, P. Chaote, The Prevalence of Dementia Subtypes in Rural Tanzania, The American 
Journal of Geriatric Psychiatry 22(12) (2014) 1613-1622. 
[11] S.K. Inouye, M.D. Foreman, L.C. Mion, K.H. Katz, L.M. Cooney Jr, Nurses' recognition of 
delirium and its symptoms: comparison of nurse and researcher ratings, Archives of internal 
medicine 161(20) (2001) 2467-2473. 
[12] J. Young, L. Murthy, M. Westby, A. Akunne, R. O’Mahony, Diagnosis, prevention, and 
management of delirium: summary of NICE guidance, Bmj 341 (2010) c3704. 
[13] M. Guerchet, P. M’belesso, A.M. Mouanga, B. Bandzouzi, A. Tabo, D.S. Houinato, M.N. 
Paraïso, P. Cowppli-Bony, P. Nubukpo, V. Aboyans, J.P. Clément, J.F. Dartigues, P.M. Preux, 
Prevalence of Dementia in Elderly Living in Two Cities of Central Africa: The EDAC Survey, 
Dementia and Geriatric Cognitive Disorders 30(3) (2010) 261-268. 
[14] A.R. Longdon, S.M. Paddick, A. Kisoli, C. Dotchin, W.K. Gray, F. Dewhurst, P. Chaote, A. 
Teodorczuk, M. Dewhurst, A.M. Jusabani, The prevalence of dementia in rural Tanzania: a cross‐ 
sectional community‐based study, International journal of geriatric psychiatry 28(7) (2013) 728- 
737. 
[15] S.-M. Paddick, R. Kalaria, E. Mukaetova-Ladinska, The prevalence and clinical manifestations 
of delirium in sub-Saharan Africa: A systematic review with inferences, Journal of the neurological 
sciences 348(1) (2015) 6-17. 
[16] E. Lewis, S.M. Paddick, J. Banks, A. Duinmaijer, L. Tucker, A. Kisoli, J. Cletus, C. Lissu, C. 
Dotchin, W. Gray, Prevalence of Delirium in Older Medical Inpatients in Tanzania, Journal of the 
American Geriatrics Society 64(9) (2016). 
[17] R. Uwakwe, Psychiatric morbidity in elderly patients admitted to non‐psychiatric wards in a 
general/teaching hospital in Nigeria, International journal of geriatric psychiatry 15(4) (2000) 346- 
354. 
[18] R.O. Akinyemi, I.M.H. Izzeldin, C. Dotchin, W.K. Gray, O. Adeniji, O.A. Seidi, J.J. 
Mwakisambwe, C.J. Mhina, F. Mutesi, H.Z. Msechu, K.A. Mteta, M.A.M. Ahmed, S.H.M. Hamid, 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
20  
N.A.A. Abuelgasim, S.A.A. Mohamed, A.Y.O. Mohamed, F. Adesina, M. Hamzat, T. Olunuga, V.P. 
Maro, R. Walker, Contribution of Noncommunicable Diseases to Medical Admissions of Elderly 
Adults in Africa: A Prospective, Cross-Sectional Study in Nigeria, Sudan, and Tanzania, Journal of 
the American Geriatrics Society 62(8) (2014) 1460-1466. 
[19] S. Saxena, G. Thornicroft, M. Knapp, H. Whiteford, Resources for mental health: scarcity, 
inequity, and inefficiency, The Lancet 370(9590) 878-889. 
[20] C.L. Dotchin, R.O. Akinyemi, W.K. Gray, R.W. Walker, Geriatric medicine: services and training 
in Africa, Age and ageing  (2012) afs119. 
[21] J.H. Bower, G. Zenebe, Neurologic services in the nations of Africa, Neurology 64(3) (2005) 
412-415. 
[22] American College of Surgeons Committee on Trauma., Advanced trauma life support 
course for physicians, Committee on Trauma, American College of Surgeons 1989. 
[23] S.-M. Paddick, W.K. Gray, L. Ogunjimi, O. Olakehinde, A. Kisoli, J. Kissima, G. Mbowe, S. 
Mkenda, C.L. Dotchin, R.W. Walker, Validation of the Identification and Intervention for Dementia 
in Elderly Africans (IDEA) cognitive screen in Nigeria and Tanzania, BMC geriatrics 15(1) (2015) 1. 
[24] M. Sands, B. Dantoc, A. Hartshorn, C. Ryan, S. Lujic, Single question in delirium (SQiD): testing 
its efficacy against psychiatrist interview, the confusion assessment method and the memorial 
delirium assessment scale, Palliative Medicine 24(6) (2010) 561-565. 
[25] W.K. Gray, S.-M. Paddick, A. Kisoli, C.L. Dotchin, A.R. Longdon, P. Chaote, M. Samuel, A.M. 
Jusabani, R.W. Walker, Development and validation of the identification and Intervention for 
Dementia in Elderly Africans (IDEA) study dementia screening instrument, Journal of geriatric 
psychiatry and neurology  (2014) 0891988714522695. 
[26] W.K. Gray, S.M. Paddick, C. Collingwood, A. Kisoli, G. Mbowe, S. Mkenda, C. Lissu, J. Rogathi, 
J. Kissima, R.W. Walker, Community validation of the IDEA study cognitive screen in rural 
Tanzania, International journal of geriatric psychiatry (2016). 
[27] S.K. Inouye, C.H. Van Dyck, C.A. Alessi, S. Balkin, A.P. Siegal, R.I. Horwitz, Clarifying confusion: 
the confusion assessment method: a new method for detection of delirium, Annals of internal 
medicine 113(12) (1990) 941-948. 
[28] C.L. Wong, J. Holroyd-Leduc, D.L. Simel, S.E. Straus, Does this patient have delirium?: value of 
bedside instruments, Jama 304(7) (2010) 779-786. 
[29] L.A. Wei, M.A. Fearing, E.J. Sternberg, S.K. Inouye, The Confusion Assessment Method: A 
Systematic Review of Current Usage, Journal of the American Geriatrics Society 56(5) (2008) 823- 
830. 
[30] N.A. O'Regan, D.J. Ryan, E. Boland, W. Connolly, C. McGlade, M. Leonard, J. Clare, J.A. 
Eustace, D. Meagher, S. Timmons, Attention! A good bedside test for delirium?, Journal of 
Neurology, Neurosurgery & Psychiatry  (2014) jnnp-2013-307053. 
[31] D.J. Meagher, M. Leonard, S. Donnelly, M. Conroy, J. Saunders, P.T. Trzepacz, A comparison of 
neuropsychiatric and cognitive profiles in delirium, dementia, comorbid delirium-dementia and 
cognitively intact controls, Journal of Neurology, Neurosurgery & Psychiatry 81(8) (2010) 876-881. 
[32] D.J. MEAGHER, M. MORAN, B. RAJU, D. GIBBONS, S. DONNELLY, J. SAUNDERS, P.T. TRZEPACZ, 
Phenomenology of delirium, Assessment of 100 adult cases using standardised measures 190(2) 
(2007) 135-141. 
[33] EuropeanDelirium Association, The DSM-5 criteria, level of arousal and delirium diagnosis: 
inclusiveness is safer, BMC medicine 12(1) (2014) 141. 
[34] D.J. Meagher, A. Morandi, S.K. Inouye, W. Ely, D. Adamis, A.J. Maclullich, J.L. Rudolph, K. 
Neufeld, M. Leonard, G. Bellelli, Concordance between DSM-IV and DSM-5 criteria for delirium 
diagnosis in a pooled database of 768 prospectively evaluated patients using the delirium rating 
scale-revised-98, BMC medicine 12(1) (2014) 1. 
[35] Q. Shi, L. Warren, G. Saposnik, J.C. Macdermid, Confusion assessment method: a systematic 
review and meta-analysis of diagnostic accuracy, Neuropsychiatric disease and treatment 9 (2013) 
1359-70. 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
[36] A.J. Mitchell, D. Shukla, H.A. Ajumal, B. Stubbs, T.A. Tahir, The Mini-Mental State Examination 
as a diagnostic and screening test for delirium: systematic review and meta-analysis, General 
hospital psychiatry 36(6) (2014) 627-633. 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
83 could not be 
screened (23 low 
Glasgow Coma Scale, 
35 too il l , 17 unable 
to 
speak, 5 refused, 3 
no reason recorded) 
424 completed 
IDEA cognitive 
screen 
Figure 1: Study recruitment and assessment flow chart 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 patients excluded due to an 
incomplete data set 
507 patients with full  diagnostic data set for DSM-V 
delirium and DSM-IV dementia 
454 completed 
CAM 
assessment 
53 could not be 
assessed for 
attention (CAM2) and 
disorganised thinking 
(CAM3) 
609 patients admitted during the study 
period 
99 patients excluded 
Died before seen n=37 
Transferred/discharged before seen 
n=19 
Public holiday/researcher i l lness n=17 
Refused/unable to consent n=26 
510 patients recruited to the study 
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Table 1: Characteristics of the 507 patients included in the study 
 
Full days from hospital admission to assessment  
1 415/497 (83.5%) 
2 51/497 (10.3%) 
3 27/497 (5.4%) 
3-7 4/497 (0.8%) 
Median age (IQR) 75 (67-81) 
Sex 225 Females (44.4%) 
Highest educational level  
Less than one year or none 96/500 (19.2%) 
Some primary school 163/500 (32.6%) 
Completed primary school 111/500 (22.2%) 
Some secondary school 58/500 (11.6%) 
Completed secondary school 34/500 (6.8%) 
Tertiary education 38/500 (7.6%) 
AVPU arousal  
A-Alert 400/501 (79.4%) 
V-Voice 71/501 (14.1%) 
P-Pain 12/501 (2.4%) 
U-Unresponsive 21/501 (4.2%) 
Prevalence of dementia  
Overall 95/507 (18.7%) 
Males 47/282 (16.6%) 
Females 48/225 (21.3%) 
60-69 years 12/175 (6.86%) 
70-79 years 26/173 (15.0%) 
80 years and over 57/159 (35.8%) 
Prevalence of delirium  
Overall 95/507 (18.7%) 
Males 68/282 (24.1%) 
Females 27/225 (12.0%) 
60-69 years 25/175 (14.3%) 
70-79 years 27/173 (15.6%) 
80 years and over 43/159 (27.0%) 
Prevalence of major cognitive impairment  
Overall 157/507 (30.9%) 
Males 94/282  (33.3%) 
Females 63/225  (28.0%) 
60-69 years 31/175  (17.7%) 
70-79 years 44/173  (25.4%) 
80 years and over 82/159  (51.6%) 
Other psychiatric diagnoses  
Depression 8 cases 
Learning disability 1 case 
Depression with psychosis 1 case 
Cognitive impairment identified by the medical team  
Delirium 8 (6 DSM-V delirium 2 DSM-IV 
dementia) 
Dementia 2 (1 DSM-V delirium 1 DSM-IV 
dementia 
Cognitive/behavioural problem ‘disoriented’, ‘aggressive’ 6 (5 DSM-V delirium, 1 DSM-IV 
  dementia)  
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Table 2: Diagnostic accuracy of screening tools 
 
 
IDEA cognitive screen (n = 424) Cut-off ≤7 Cut-off ≤8 
DSM-V delirium sensitivity = 0.89, 
specificity = 0.70, 
ppv = 0.35, 
npv = 0.97 
sensitivity = 0.92, 
specificity = 0.64, 
ppv = 0.31, 
npv = 0.98 
Major cognitive impairment sensitivity = 0.82, 
specificity = 0.77, 
ppv = 0.56, 
npv = 0.92 
sensitivity = 0.88, 
specificity = 0.71, 
ppv = 0.52, 
npv = 0.94 
CAM (n = 454)   
Delirium sensitivity = 0.91 
specificity = 0.97, 
ppv = 0.880, 
npv = 0.978 
 
Major cognitive impairment sensitivity = 0.53 
specificity = 0.90, 
ppv = 0.61, 
npv = 0.87 
 
Individual CAM items   
CAM 1 (n=499) 
 
 
Delirium 
sensitivity = 0.95, 
specificity = 0.85, 
ppv = 0.60, 
npv = 0.97 
 
CAM 2 (n=454) 
 
 
Delirium 
sensitivity = 0.94 
specificity = 0.90, 
ppv = 0.69, 
npv = 0.99 
 
CAM 3 (n=448) 
 
 
Delirium 
sensitivity = 0.72 
specificity = 0.96, 
ppv = 0.80, 
npv = 0.94 
 
CAM 4 (n=496) 
 
 
Delirium 
sensitivity = 0.86 
specificity = 0.85, 
ppv = 0.56, 
npv = 0.96 
 
ppv – positive predictive value, 
npv – negative predictive value 
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Table 3: Independent predictors of DSM V delirium form screening and assessment items 
 
 Parameter 
estimate 
Odds ratio (95% CI) Weight 
Unable to recall any words on 10 word list 1.169 3.217 (1.291 to 8.016) 1 
Positive CAM1 3.468 32.074 (11.333 to 90.776) 4 
Positive CAM4 1.454 4.280 (1.869 to 9.802) 2 
Male 0.957 2.604 (1.268 to 5.349) 1 
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Highlights 
 
 
 Identification of delirium is challenging in Africa and screening tools are lacking 
 The CAM and IDEA screen had clinical utility, but limitations in this setting 
 A novel brief delirium screen for older inpatients is proposed for further validation 
ACCEPTED MANUSCRIPT
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22. Commentary on Key Paper 4 
Hospital validation of the IDEA for major cognitive impairment (delirium and dementia) (cohorts 5a 
and 5b) 
22.1. Overview 
This study was a repeat validation of the IDEA six item screen for delirium and for major cognitive 
impairment (delirium and dementia) in a large prospective consecutive cohort of older adults aged 
60 and over admitted to medical inpatient wards of a tertiary referral hospital in Tanzania (KCMC) 
and took place between January and July 2015. The performance of the IDEA six item screen in 
identification of delirium was assessed as a result of the outcome of the systematic review indicating 
little existing data on delirium in SSA, particularly in older adults (see Background Paper 1). The aims 
of the study were to estimate prevalence of delirium on admission as well as prevalence of ‘in 
hospital’ delirium, to conduct a blinded validation of the Confusion Assessment Method (CAM) for 
delirium and the IDEA six-item screen for both delirium and major cognitive impairment (dementia 
and delirium) against gold standard DSM-5 delirium criteria by applied consensus. It was also 
intended to assess the clinical utility of serial assessment with the IDEA screen for identification of 
delirium in a hospital population. This study also collected data on risk factors and aetiology of 
delirium in this setting, alongside mortality and other outcome data. All available screening data 
were analysed using factor analysis and logistic regression to determine which items were most 
predictive of delirium in this setting. A brief combined screening tool, outperforming both the IDEA 
six item screen and CAM is presented following preliminary internal validation.  
22.2. Materials and methods 
This was a prospective cross sectional study of a consecutive sample of adults aged 60 and over 
admitted to medical wards of a tertiary referral hospital (KCMC). The IDEA six-item screen was 
administered to participants on admission by a trained study nurse or clinical officer and filed 
separately and not shared with the research doctor completing delirium assessments.  
Clinical assessments for delirium were similar to those conducted in previous IDEA screening tool 
validation studies and included a mental state examination, neurological examination and detailed 
bedside cognitive assessment with a focus on identification of delirium. A detailed free text 
summary of this assessment was recorded to assist with consensus diagnosis. Detailed clinical 
assessments for delirium took place on admission, but after initial assessment from the treating 
medical team. The study diagram and summary of bedside assessments is included below in Figure 
19. 
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The CAM algorithm was completed and filed separately in order to maintain blinding. Dementia 
diagnosis relied heavily on informant history, and where necessary a follow up interview post 
discharge to clarify the onset of symptoms and to assess cognitive and functional performance in the 
home environment once acute symptoms of physical illness had resolved.  
Assessment for potential confounders included assessment of visual acuity using a Landholt C 
broken ring Logmar eye chart designed for use in illiterate populations, level of consciousness as 
measured by the Alert-Voice-Pain-Unresponsive (AVPU) scale and degree of physiological illness as 
measured by the National Early Warning Scale (NEWS) a risk grading system widely used in the UK. 
Other potential confounders including self-reported visual and hearing impairment, the use of 
sensory aids and occupational and educational background were recorded.  
Baseline physical observation data were recorded, and participants felt to be too acutely unwell, in 
the opinion of the assessing doctor were re-assessed the following day. Where possible, participants 
were also reviewed for the presence of delirium symptoms by a neurologist to take into account 
possible fluctuations. Delirium by DSM-5 criteria was made by consensus, blinded to the outcome of 
the IDEA six-item screen and CAM algorithm. 
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Figure 19 Delirium study flowchart and clinical diagnostic assessment 
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Key to figure 19* (1) Description of assessment  
Detailed standardised bedside cognitive assessment Included : attention (days of the week backwards), 
registration (three market items) recall (three market items) Receptive language (three stage 
command)expressive language (naming, open questions about changes (environmental/political/social) 
specific to locality praxis (reciprocal coordination, Luria’s fist/palm/side  executive function/new learning 
(Luria’s fist/palm/side sequencing Disorganisation of thought (open questions about changes 
(environmental/political/social) specific to locality) Orientation, time of day, place, when admitted, describe 
events leading up to hospital admission Confabulation, 'have you met me before' 
Neurological examination (focus on vascular disease and Parkinsonism) Pronator drift, tone, power, 
coordination, tendon reflexes, gait (where able to stand). Where indicated, Babinski reflex glabellar tap, 
bradykinesia 
Mental state examination General observation of appearance and behaviour Mood, reactivity, response to 
questions on activities enjoyed at home, hope for future Screen for delusions 'is anyone trying to trick you or 
doing anything bad to you?' Observation for response to unseen stimuli, distractibility  
Assessment for confounders of cognitive screen performance - Visual acuity - Landholt C broken ring logmar 
three metre chart designed for illiterate populations. Acuity of <1.0 logmar in the best eye considered 
significant visual impairment. Hearing impairment - graded subjectively as mild, moderate or severe based on 
performance during clinical assessment.  
Highest educational level - school grade literacy (ability to read and write a simple note)  
Physiological illness - NEWS scale including pulse, temperature, blood pressure, respiration rate and conscious 
level Conscious level - Alert-Voice-Pain-Unresponsive (AVPU) scale Pain - 0-10 visual analogue scale 
 
*(2) Retrospective case note review 
Synonyms for delirium and major cognitive impairment were searched for in medical notes corresponding to 
the admission period during which each participant was assessed as part of this study. Synonyms included, 
delirium, organic mental state, organic psychosis, confusion, dementia, mental impairment, disorientation and 
wandering. 
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Development of a new delirium assessment scale 
All available cognitive screening data were analysed using factor analysis and logistic regression in 
order to determine those items most predictive of delirium. Exploratory factor analysis of all 
screening and assessment items for delirium (IDEA six item screen and CAM items, beside cognitive 
tests and informant single question) was conducted to investigate latent traits within the screening 
items. An oblique rotation method was selected due to high correlation between variables. Factors 
to be extracted were determined using a scree plot. Items with the largest loadings on each factor 
were explored using logistic regression models with DSM-5 delirium as the dependent variable.  Item 
weights were determined using parameter estimates from the final logistic regression model. 
Models were evaluated for diagnostic accuracy using AUROC curves.  
22.3. Summary of Results 
Of 507 admission assessments, 95 (18.7%) had DSM-5 delirium, 95 (18.7%) dementia and 33 (6.5%) 
delirium superimposed on dementia. In hospital occurrence of delirium was very low (13/362 repeat 
assessments (3.6%)).  
Performance of the CAM for identification of delirium 
Of the 507 people with a full dataset for DSM-5 delirium diagnosis, 89 (17.6%) were CAM positive, 
and 53 (10.5%) were classified as ‘CAM unable’. In those 454 with complete CAM assessments, 
overall diagnostic accuracy was excellent (AUROC 0.94 (95% CI 0.904-0.977) with sensitivity and 
specificity of 0.91 and 0.97 respectively. Inclusion of the whole cohort with ‘CAM unable’ individuals 
classified as negative resulted in similar diagnostic accuracy but lower sensitivity (sensitivity 0.832 
specificity 0.976 AUROC 0.904 (0.858-0.949). Positive (30.2) and negative likelihood ratios (0.09) 
were also excellent. (Diagnosis by CAM algorithm had a high level of agreement with DSM-5 
diagnosis (kappa 0.827 T 18.645 sig <0.001) when those unable to complete the CAM were classified 
as ‘no delirium’ rising to (0.873 T 18.606 sig <0.001) in those able to complete the CAM.  
Performance of the IDEA six-item screen 
The IDEA screen identified delirium and major cognitive impairment (AUROC 0.866, 0.874 
respectively) but did not differentiate these conditions. Although performance on all individual items 
of the IDEA screen correlated with educational level (except naming the village chairman) previous 
formal education and illiteracy were not significant on multivariable analysis controlling for age, 
gender and presence of delirium or dementia. The need to adjust scores in those without formal 
education has previously been investigated (in hospital and community validations of the IDEA six-
item screen) and found not to be justified. 
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Development and internal validation of a brief combined screening tool for delirium in hospital 
settings 
All six IDEA screen items, bedside cognitive tests of orientation, attention, registration and recall, 
CAM items 1 and 4 and the single informant question were investigated to identify those that may 
be of greatest clinical utility in this setting.  CAM items 2 and 3 were not evaluated due to the 
observed difficulties in rating these items, suggesting that they would not be suitable for screening 
in this setting.  Exploratory factor analysis identified three factors broadly interpreted as 
representing learning/recall, observation/behaviour and orientation, explaining 41.9%, 9.67% and 
7.5% of the variability respectively. A logistic regression model was constructed to identify those 
items that were significant independent predictors of delirium.  The final model is shown in Table 11. 
Independent predictors of DSM V delirium form screening and assessment items and included word 
recall, CAM 1, CAM 4 and sex.  Nagelkerke’s R2 for the model was 0.676.  
The brief delirium screening tool had a higher AUROC than the IDEA cognitive screen (0.94 (95% CI 
0.92 to 0.97)), and had the advantage of being much shorter. Accuracy was similar to that of the 
CAM, but assessment data were available for almost all participants including those rated 
unassessable on the full CAM.  The scoring system ran from 0 to 8, with a score of ≥6 the optimal cut 
off for identifying those with delirium (sensitivity 0.94, specificity 0.90).  
Table 11. Independent predictors of DSM V delirium form screening and assessment items 
 Parameter 
estimate 
Odds ratio (95% CI) Weight 
Unable to recall any words on 10 word list 1.169 3.217 (1.291 to 8.016) 1 
Positive CAM1 3.468 32.074 (11.333 to 90.776) 4 
Positive CAM4 1.454 4.280 (1.869 to 9.802) 2 
Male 0.957 2.604 (1.268 to 5.349) 1 
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Table 12. Demographic data- IDEA delirium study 
Full days from hospital admission to assessment 
1 415/497 (83.5%) 
2 51/497 (10.3%) 
3 27/497 (5.4%) 
3-7 4/497 (0.8%) 
Median age (IQR) 75 (67-81) 
Sex 225 Females (44.4%) 
Highest educational level 
Less than one year or none 96/500 (19.2%) 
Some primary school 163/500 (32.6%) 
Completed primary school 111/500 (22.2%) 
Some secondary school 58/500 (11.6%) 
Completed secondary school 34/500 (6.8%) 
Tertiary education 38/500 (7.6%) 
AVPU arousal 
A-Alert 400/501 (79.4%) 
V-Voice 71/501 (14.1%) 
P-Pain 12/501 (2.4%) 
U-Unresponsive 21/501 (4.2%) 
Prevalence of dementia 
Overall 95/507 (18.7%) 
Males 47/282 (16.6%) 
Females 48/225 (21.3%) 
60-69 years 12/175 (6.86%) 
70-79 years 26/173 (15.0%) 
80 years and over 57/159 (35.8%) 
Prevalence of delirium 
Overall 95/507 (18.7%) 
Males 68/282 (24.1%) 
Females 27/225 (12.0%) 
60-69 years 25/175 (14.3%) 
70-79 years 27/173 (15.6%) 
80 years and over 43/159 (27.0%) 
Prevalence of major cognitive impairment 
Overall 157/507 (30.9%) 
Males 94/282   (33.3%) 
Females 63/225   (28.0%) 
60-69 years 31/175   (17.7%) 
70-79 years 44/173   (25.4%) 
80 years and over 82/159   (51.6%) 
Other psychiatric diagnoses 
Depression  8 cases 
Learning disability            1 case 
Depression with psychosis      1 case 
Cognitive impairment identified by the medical team  
Delirium 8 (6 DSM-5 delirium 2 DSM-IV 
dementia) 
Dementia 2 (1 DSM-5 delirium 1 DSM-IV dementia 
Cognitive/behavioural problem ‘disoriented’, 
‘aggressive’  
6 (5 DSM-5 delirium, 1 DSM-IV 
dementia) 
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Table 13. Diagnostic accuracy of screening tools –IDEA delirium study 
IDEA cognitive screen (n = 424) Cut-off ≤7 Cut-off ≤8 
DSM-5 delirium 
 
sensitivity = 0.89,  
specificity = 0.70,  
ppv = 0.35,  
npv = 0.97 
sensitivity = 0.92,  
specificity = 0.64,  
ppv = 0.31,  
npv = 0.98 
Major cognitive impairment  sensitivity = 0.82,  
specificity = 0.77,  
ppv = 0.56,  
npv = 0.92 
sensitivity = 0.88,  
specificity = 0.71,  
ppv = 0.52,  
npv = 0.94 
CAM (n = 454)   
Delirium 
 
sensitivity = 0.91  
specificity = 0.97,  
ppv = 0.880,  
npv = 0.978 
 
Major cognitive impairment     
 
sensitivity = 0.53 
specificity = 0.90,  
ppv = 0.61,  
npv = 0.87 
 
Individual CAM items    
CAM 1 (n=499) 
 
 
Delirium 
sensitivity = 0.95,  
specificity = 0.85,  
ppv = 0.60,  
npv = 0.97 
 
CAM 2  (n=454) 
 
 
Delirium   
sensitivity = 0.94  
specificity = 0.90,  
ppv = 0.69,  
npv = 0.99 
 
CAM 3 (n=448) 
 
 
Delirium 
sensitivity = 0.72 
specificity = 0.96,  
ppv = 0.80,  
npv = 0.94 
 
CAM 4 (n=496) 
 
 
Delirium 
sensitivity = 0.86 
specificity = 0.85,  
ppv = 0.56,  
npv = 0.96 
 
ppv – positive predictive value,  
npv – negative predictive value 
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Table 14. Performance of screening tools in individuals with cognitive impairment (dementia or 
delirium)  
IDEA delirium study 
 AUROC (95% 
CI) 
Cut-off ≤7 Cut-off ≤8 
IDEA cognitive screen (n = 103) 
DSM-5 delirium 
Cut off 3 
Cut off 7 
Cut off 8 
0.60(0.49-
0.71) 
sn = 0.88 
sp = 0.28 
ppv = 0.59 
npv = 0.65 
sn = 0.91 
sp = 0.19 
ppv = 0.57 
npv = 0.64 
CAM (n = 134)    
Delirium 
 
0.93 (0.88-
0.98) 
sn = 0.91 
sp = 0.96 
ppv = 0.98 
npv = 0.85 
 
CAM1 (n=155) 0.82(0.75-
0.90) 
 
sn = 0.95 
sp = 0.70 
ppv = 0.83 
npv = 0.89 
 
CAM2 (n=133)              0.85 (0.77-
0.93) 
sn = 0.94 
sp = 0.76 
ppv = ?? 
npv = ?? 
 
CAM3(n=129) 0.76(0.68-
0.85) 
 
sn = 0.72 
sp = 0.80 
ppv = 0.87 
npv = 0.62 
 
CAM4(n=151) 0.76(0.68-
0.85) 
sn = 0.86 
sp = 0.67 
ppv = 0.79 
npv = 0.76 
 
sn – sensitivity,  
sp – specificity,  
ppv – positive predictive value,  
npv – negative predictive value 
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Table 15. Performance of IDEA six-item screen core disregarding matchstick construction task 
 AUROC (95% 
CI) 
Cut-off ≤4 Cut-off ≤5 
IDEA cognitive screen without matchsticks (n=424) 
DSM-5 delirium 
 
Cut off 4 
Cut off 5 
0.86(0.82-
0.90) 
sn = 0.80 
sp = 0.80 
ppv = 0.39 
npv = 0.96 
sn = 0.84 
sp = 0.74 
ppv = 0.34 
npv = 0.97 
Major cognitive 
impairment  
Cut-off 4 
Cut-off 5 
0.87 (0.84-
0.91) 
sn = 0.70 
sp = 0.86 
ppv = 0.62 
npv = 0.90 
sn = 0.79 
sp = 0.81 
ppv = 0.58 
npv = 0.92 
sn – sensitivity,  
sp – specificity,  
ppv – positive predictive value,  
npv – negative predictive value 
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Table 16. Between group differences (Dementia, Delirium and Major Cognitive Impairment) 
 No major CI 
(N=312) 
Major CI 
N=112 
Delirium 
N=64 
Dementia (no 
delirium) N=48 
Pairwise comparisons 
(MWU/Chi) 
Age (Md, IQR) 72 (65-79) 80 (73-
85) 
79.5(70.25
-84.75) 
81.5 (77.25-88) No CI vs CI   U 10145.500 z -
6.592  Sig<0.001 
No CI vs delirium  U 6421.500 Z 
-4.502 sig <0.001 
No CI vs dementia  U 3724.000 
Z -5.613 sig<0.001 
Delirium vs Dementia   U 
1259.500 Z=-1.628 sig <0.104 
Female, (n %) 144 (46.2%) 44 
(39.3%) 
17 (26.6%) 27 (56.3%) No CI vs CI  Chi sq. 1.575 Sig 
0.209 Exact sig 0.224 
Delirium vs Dementia  Chi 
13.722 (male) sig <0.001 Ex 
<0.001 
Education 
=>1year, (n %) 
258 (82.7%) 
m=2 
80 
(71.4%) 
m=3 
52 (81.3%)  
m=2 
28 (58.3%)   m=1 No CI vs CI  Chi Sq4.998 sig 
0.025 exact sig 0.034 
Delirium vs Dementia   Chi sq. 
5.974 Sig 0.15 Exact 0.22 
Literacy, (n %) 250 (80.1%) 
m=10 
75 (67%) 
m=4 
48 (75%) 
m=3 
27 (56.3%) 
m=1 
No CI vs CI    Chi Sq. 8.611 sig 
0.003 Exact 0.005 
Delirium vs Dementia    Chi 
5.170 sig 0.023 exact 0.027 
Total IDEA 
score 
(Md, IQR) 
11 (8-13) 4 (0-7) 3 (0-6) 5 (2-8) No CI vs CI     U= 4408.500  Z=-
11.775 Sig<0.001 
No CI vs delirium   U=1931.500 
Z=-10.198 sig <0.001 
No CI vs dementia   U=2477.000 
Z=-7.491 sig<0.001 
Delirium vs Dementia    
U=1146.500 Z=-2.318 sig 
0.020 
Word learning 
(Md, IQR) 
11 (8-14) 5 (0-7) 3 (0-7) 6 (1-10) No CI vs CI     U=5480.000 Z=-
10.807 Sig<0.001 
No CI vs delirium   U=2410.500 
Z=-9.586 sig <0.001 
No CI vs dementia  U=3069.500 
Z=-6.600 sig <0.001 
Delirium vs Dementia  
U=1166.500 Z=-2.203 sig <0.028 
Bridge  
(n,% correct) 
263 (84.3%) 53 
(47.3%) 
29 (45.3%) 24 (50%) No CI vs CI  59.348 sig <0.001 
exact <0.001 
Delirium vs dementia  1.288 
sig 0.256 exact 0.300 
Animal fluency 
(md, IQR) 
9 (7-11) 
m= 71 
4 (1-7) 
m= 25 
4 (0-6.75) 
m= 16 
4 (2-8) 
m=9 
No CI vs CI   U=2975.500 Z=-
9.939 Sig <0.001 
No CI vs delirium   U=1394.000 
Z=-8.335 sig <0.001 
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No CI vs dementia   U=1581.500 
Z=-6.675 sig <0.001 
Delirium vs Dementia   
U=809.500 Z=-1.093 sig< 0.274 
Animal score 
(Md, IQR) 
2 (1-2) 1 (0-1) 1 (0-1) 1 (0-2) No CI vs CI   U=7338.000 Z=-
10.296 Sig <0.001 
No CI vs delirium   U=3323.500 
Z=-9.708 sig<0.001 
No CI vs dementia   U=4014.500 
Z=-6.180 sig,0.001 
Delirium vs dementia   U= 
1185.000 Z=-2.228 sig 0.026 
Chairman (n,% 
correct) 
252 (80.8%) 50 
(44.6%) 
24 (37.5%) 26 (54.2%) No CI vs CI   52.483 sig ,0.001 
exact <0.001 
Delirium vs dementia   5.140 
sig 0.023 exact 0.034 
Weekday (n, % 
correct) 
223 (71.3%) 28 (25%) 11 (17.2%) 17 (35.4%) No CI vs CI   73.696 sig <0.001 
exact <0.001 
Delirium vs dementia  6.693 
sig 0.01 exact 0.17 
Word 
recall(Md, IQR) 
3 (1-4) 0 (0-0) 0 (0-0) 0 (0-1) No CI vs CI  U=6133.500 Z=-
10.510  Sig <0.001 
No CI vs delirium  U=3058.000 
Z=-8.959 sig<0.001 
No CI vs dementia  U=3075.500 
z=-6.705 sig<0.001 
Delirium vs Dementia  
U=1316.000 Z=-1.754 sig<0.079 
Matchstick(Md, 
IQR)best 
3 (1-3) 0 (0-2) 0 (0-2) 1 (0-3) No CI vs CI  U=9099.000  Z=-
8.257  Sig<0.001 
No CI vs delirium  U=4647.000 
Z=-7.494 sig <0.001 
No CI vs dementia  U 4452.000 
Z -5.103 Sig<0.001 
Delirium vs Dementia  U 
1298.000 Z -1.544 sig <0.123 
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22.4. Strengths and limitations of Key Paper 4 
This study allowed a further evaluation of the IDEA screen in a large cohort and in a large tertiary 
referral hospital cohort and in a younger age group to those included in previous validation studies. 
Education level was also higher than that in previous validation studies. Strengths of this paper were 
the formal consensus panel diagnoses of delirium and dementia with follow-up assessments 
available to clarify diagnoses. Other strengths are the consecutive sampling, large sample size and 
amount of clinical information available to corroborate diagnoses. Nevertheless the tertiary referral 
hospital study site (KCMC) resulted in a cohort for assessment with high levels of physiological illness 
which may not be typical of other hospital settings in Tanzania. In this study, this issue (illness 
severity and high prevalence of altered consciousness) led to a relatively high proportion of 
individuals labelled as ‘unable to assess’. KCMC is funded through a partnership between local 
government and a charitable foundation and user payments are required in individuals without 
health insurance. This is likely to have impacted on the representativeness of individuals admitted 
compared to those admitted to government hospitals with lower admission charges.  
A major difficulty identified during this study was assessment of inattention. The use of relatively 
junior doctors to carry out delirium assessments resulted in a situation likely to be similar to that in 
routine practice, but resulted in individuals unable to answer due to illness or inability to follow 
commands frequently labelled as ‘unable to assess’ for inattention. Consensus guidelines 
recommend that inability to follow instructions, in individuals without coma be regarded as 
inattention. This was taken as the approach during formal consensus panel diagnosis and may have 
been the case if assessments were conducted by specialists in neurology or psychiatry. However 
since delirium screening would typically be carried out by non-specialists in Tanzania as in HICs I felt 
that this was a useful illustration of problems with use of the full CAM in this setting.  
The effect of visual impairment has not previously been evaluated in performance of the IDEA 
screen. In this study we found that visual impairment based on measured visual acuity was highly 
prevalent, and that significant measured visual impairment correlated with a score </7 on the IDEA 
screen, independent of age, education and the presence of delirium. This is likely to be due to 
difficulties in completing the visuospatial task and indicates that this needs to be taken into account 
when interpreting the IDEA score. Nevertheless, the IDEA screen also performed well (AUROC 0.86 
DSM-5 delirium and AUROC 0.87 Major cognitive impairment) when the matchstick item was 
disregarded indicating that removal of this item would be a reasonable step to take in a hospital 
setting.  
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Depression 
This was not a study of depression, and assessments focussed only on exclusion of depression as a 
possible confounding factor for poor cognitive performance. The 15 item Geriatric Depression Scale 
(GDS) was used in a small number of participants, but depression was only assessed for if there was 
evidence of low mood or lack of enjoyment or reactivity on mental state examination. It is therefore 
likely that some cases of depression would have been missed, especially those that were less severe. 
This was partly due to the acute hospital setting and the fact that no validated screening tools for 
assessment or screening of depression in older people exist in SSA making this a challenging area. 
The effect of depression on IDEA screen scores cannot therefore be commented upon, however 
some preliminary work on the association between depression symptoms and IDEA screen scores in 
the community found no evidence of independent association.  
Serial cognitive screening 
We were not able to assess the effect of serial cognitive screening using the IDEA in detection of 
delirium due to a surprisingly low occurrence of in-hospital delirium (3.6% of repeat assessments). 
The reasons for this finding are unclear. in HICs, meta-analyses of in-hospital incidence of delirium 
report rates of between 11-29 on geriatric and general medical wards111, 112 rising to 56% in those 
with pre-existing dementia. One reason may be the presence of a bedsider, a family member staying 
with the patient to provide meals and carry out basic nursing care. Existing guidelines recommend 
nursing by one familiar person in order to reduce disorientation in prevention of delirium and this 
may have had an effect120. Almost all individuals in this study had a bedsider, as evidenced by over 
99% being able to provide an appropriate informant history for cognitive impairment. A significant 
number of individuals described delirium symptoms prior to admission, and the cost and 
geographical distance may have led to delayed presentation and therefore resolution of symptoms 
prior to admission.  
Limitations of the IDEA six-item screen in identification of delirium 
One major issue identified during the process of development of this screening method for delirium 
was the absence of a suitably validated method of screening for inattention. The presence of 
inattention was the item most predictive of delirium in the CAM algorithm (based on outcome of 
bedside cognitive assessment and mental state examination), and this item had good diagnostic 
accuracy used alone for delirium screening. Most measures of attention and concentration used in 
routine cognitive screening in HIC settings rely on spelling or calculation, and in this setting the lower 
literacy version used (days of the week backwards) also appeared correlated with educational level, 
Identification of dementia in sub-Saharan Africa  Doctoral Statement 
- 217 - 
although it was difficult to separate this from presence of cognitive decline in this acute inpatient 
setting. Inattention was assessed clinically through both clinical assessment and in general 
discussion and ability to stay on the topic of the conversation and respond to commands, but this 
assessment strategy requires skills and experience in cognitive assessment and these assessments 
proved difficult in cases where individuals were significantly unwell. The IDEA does not include an 
item assessing attention directly, but other cognitive screening items requiring attention for 
completion such as word list learning, recall (because adequate encoding requires attention) and 
categorical fluency have shown potential as surrogate measures of attention. The inclusion of word 
list recall in the brief delirium screening tool developed probably reflects this. 
22.5. Outcome of Key Paper 4 
Our findings indicate that use of a structured screening tool outperformed routine clinical 
assessment in identification of delirium as in previous HIC studies. Routine use of a delirium 
screening tool in older hospitalised adults is therefore highly recommended. 
This work completed towards development of a delirium screening method is preliminary but shows 
the potential of continuing to work incrementally towards creation of an integrated cognitive 
assessment method that can be used in both inpatient and outpatient settings.  
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23. Outcomes 
23.1. Summary 
This series of published papers outline my work towards development of an integrated cognitive 
assessment method designed to assist health workers in sub-Saharan Africa to identify dementia 
accounting for higher levels of illiteracy in some areas. Any assessment method for dementia needs 
to offer decision support in cases of possible delirium needing prompt medical intervention, and for 
this reason work on identification of delirium has been included. The overall outcome at present is a 
brief combined cognitive and functional assessment method for dementia in community settings.  
Development of screening tools suitable for use in a low-literacy environment is complicated by the 
need for tools which can be used in both illiterate and literate individuals without significant floor 
and ceiling effects. The evidence presented indicates that although tools can be designed to be used 
in lower literacy settings the cognitive (and neurodevelopmental) differences between illiterate and 
literate individuals are such that cognitive performance cannot be expected to be equivalent. The 
need to make a correction to screening scores in illiterate individuals has been explored and found 
to be unnecessary. Indeed this approach is likely to reduce validity, particularly since lack of formal 
education may be a risk factor for cognitive decline and dementia. The screening tool we have 
developed has advantages over many of those used in HIC settings as it screens all four lobes of the 
brain and a wider range of cognitive functions than many similarly brief cognitive assessment tools 
which focus on memory and orientation only. We are therefore more likely to identify a wider range 
of cognitive impairments, and to successfully screen dementias other than ADD. It is important to 
state that we have not yet formally validated the IDEA in different dementia subtypes, partially 
because during the period in which these studies were completed there were no neuroimaging 
facilities available locally.  
Examination of published literature on cognitive performance in illiterate and low-literate 
populations demonstrates that assessment methods such as the CSI-D, despite being used in low 
literacy settings, include many items which are known to be poorly answered in individuals who are 
illiterate. These items include abstract thought (similarities) logical memory (recall of a brief story)  
and a three stage command as well as items more obviously related to literacy such as drawing 
interlocking sentences or pentagons. Although orientation has been shown to be less affected by 
education than other cognitive domains, cultural background is also important in this regard, and 
the CSI-D includes items such as the year which may be difficult for older people in rural areas. The 
IDEA six-item screen appears to address these issues. 
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The second overall outcome is the development and internal validation of a brief screening method 
for identification of delirium in a hospital inpatient setting. This screening method appears to have a 
high degree of accuracy, and has the advantage of being brief and based on simple cognitive and 
behavioural observation items so it has potential for use by non-specialists in an inpatient setting. 
Further (and external) validation is needed in other similar settings. 
The review of cognitive screening tools validated in illiterate and low-literate settings worldwide 
presented in Background Paper 1 demonstrates that few screening tools are adequately validated. 
Few have more than one good quality validation study and therefore the evidence for use of any one 
particular test is extremely limited. The IDEA screen was not included within this review, because at 
the time of completion of the literature searches, the initial validation of the IDEA had not been 
published. The IDEA has now been validated in inpatient, outpatient and community settings in 
Tanzania, inpatients in Nigeria and a separate validation has taken place for patients aged 60 and 
over admitted to a mission hospital in Katete, Zambia (unpublished data).  
The studies presented here were conducted with very limited resources, both in terms of equipment 
and specialist staff. Whilst this was appropriate in that the goal was development of a screening 
method suitable for a resource poor setting, it meant that some data which would have been useful 
in informing the work were not collected. For example neuroimaging facilities were not available 
locally at the time the studies were carried out, meaning that dementia subtypes could not be 
confidently stated. Similarly increased staff resources would have allowed assessment of delirium 
phenomenology in more detail, with completion of a detailed assessment tool such as the DRS-98. 
We were also not able to conduct regular repeat cognitive assessments on individuals with delirium 
in order to determine the rate of resolution of symptoms as we needed to prioritise assessment of a 
complete consecutive admission cohort. 
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Table 17. Accuracy of the IDEA cognitive screening tools for dementia, delirium and major cognitive 
impairment in different settings 
  Prevalence AUROC sensitivity specificity PPV NPV LR+ LR- 
Major CI          
 IP 7/17 
Cut off 8/15 
33/97 0.917 90.9 
93.9 
87.5 
81.3 
78.9 
72.1 
 7.3 
5.0 
 
 OPD 7/15 
Cut off 8/15 
13/59 0.919 61.5 
84.6 
93.5 
89.1 
- 
- 
 9.5 
7.8 
 
 Tertiary referral 
hospital 
 
112/424 
(26.4%) 
0.874 
(0.84-
0.91) 
0.821 
 
0.875 
0.766 
 
0.712 
0.558 
 
0.521 
 
0.923 
 
0.941 
3.511 
 
3.033 
0.233 
 
0.176 
Dementia Community 
 
39/153 0.855 
(0.80-
0.92) 
59 
87.2 
86 
67.5 
    
 IADL 35/130 0.896 
(0.84-
0.95) 
      
 Combined IDEA 
IADL 
35/130 0.937 
(0.896-
0.979) 
      
 MMSE 17/60 0.805 
(0.69-
0.92) 
0.77 0.71     
Delirium in 
hospital 
IDEA 6 item screen 
Cut off 7 
Cut off 8 
 
64/424 
(15.1%) 
0.866 
(0.826-
0.907) 
0.891 
0.922 
 
0.700 
0.642 
 
0.345 
0.314 
 
0.973 
0.979 
 
2.969 
2.573 
 
0.156 
0.122 
 CAM 89/454 
 
0.94 
(95% CI 
0.904-
0.977 
0.91 0.97 0.880 0.978 30.199 0.093 
Validation 
dataset 
Brief delirium 
assessment 
(internal 
validation) 
18/76 
(m=1) 
0.979 
(0.954-
1.0) 
1.0 0.921 0.783 1.000 11.600 0.000 
Development 
dataset 
 68/304 
(4m) 
0.936 
(0.911-
0.961) 
0.926 0.826 0.606 0.975 5.333 0.089 
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23.2. Future work 
This work has not yet addressed the issue of cognitive assessment in HIV and effective screening 
methods for HIV dementia and HIV-related neurocognitive impairment in this setting. I completed a 
study which aimed to answer this question in a cohort of individuals aged 50 and over under long 
term follow up at a government free-of-charge HIV clinic in march to May 2016 with further follow-
up due to commence in March 2017. Data analysis is ongoing. Identification of depression is another 
issue needing further assessment. A study intended to identify the best method of screening for 
depression in older adults in this setting is in preparation and due to commence in 2017.  
The work outlined in this thesis is preliminary, as independent external validation of the screening 
tools presented here is needed in order to avoid the shortcomings noted in the systematic review of 
existing cognitive screening tools presented in the introductory section (Background Paper 1) 
It is hoped that the final result will be a screening method and decision-support aid for primary 
health care workers and hospital inpatient staff to use when assessing older people who may have 
cognitive impairment and accurately identify dementia in order to refer individuals for appropriate 
interventions, identify those who may have delirium and consider whether symptoms may be better 
explained by depression in order to refer appropriately.  
Pilot validation of a brief community-based combined cognitive screen (including cognitive and 
selected functional assessment items only) is due to commence in the Hai district in 2017.  
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Figure 20 The IDEA study team, 2014 
 
 
 
 
 
 
Key:  
Front row (from left) Declare Mushi, Olaide Olakehinde, Sarah Mkenda, Adesola Ogunniyi, 
Stella-Maria Paddick, Godfrey Mbowe, Aloyce Kisoli 
Back row (from left) Celia Collingwood, Catherine Dotchin, Akin Adebiyi, Richard Walker, 
Keith Gray  
Key members not present, Sarah Urasa, John Kissima (Tanzania) Akeem Siwoku (Nigeria) 
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